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Abstract of JP20021 1 0679 

PROBLEM TO BE SOLVED: To improve 
insulation breakdown resistance (reliability) of a 
copper wiring formed, using the Damascene 
method. 

SOLUTION: A method for manufacturing a 
semiconductor integrated circuit device 
comprises the steps of sequentially treating it for 
reducing and acid cleaning by alkali cleaning, 
hydrogen annealing or the like in the case of 
cleaning after CMP. The method further 
comprises the steps of hydrogen plasma treating 
and ammonia plasma treating a semiconductor 
substrate 1 , prior to the formation of an insulating 
film 19b for a cap film, after cleaning after the 
CMP. Thus, embedding wiring 23a containing a 
copper as a main component is formed on an 
interlayer insulating film constituted of an 
insulating material having a low permittivity. 
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(54) ^BflMHMMoMB^ 
(57) [Sfi] 

^1^5j;t;7^=7y7XvjEn ! lS:lt 0 ceo J: 9 



tot, 'fc 23a 




16c, JSd : 

22. : _ 



I#fFlf#WS5B] 

( a ) *N*f*3£*0J» 1 ©i ffi±fc» 1 Ot&ftJR&iitar 

t5H< (b) fflrtamat^lBfcettMnn&H&ft 
tsm (c) ttjfEia^wpgBrts-^tfStjiE^i <nm 

(d) ttree*J&£ffl<0*l, *2 0>*WR&W*-f--5 

(e) wcw*xe««)¥*fls:*«^»b-cifc**a 

SSrJfc-rxS. (f) S&rcft}**i««©¥*fltS«fc» 

u t ?K * # * # a 4> *3 ^ r x 7 X T MS *M f X 
e, (g) ffliE*iwaa«(o^!»fl:afeK^»brrv^ 
= r * 1- *s v -f =7 XTjai srjs-Me, 

(h) MiE7K^^.7'7X-5'*3 < J;TJ«T^ ; e=r^7*7 
XvMf, «fESSio|fi»Bt*iJ:t«(rlEEIIl±^jR2 

2 ] 8**91 1 Ett<D¥2*fftfcB[E]B£B<a$! 
jg*fe{r*3^T, ifflEifeiHQiStt. T/^ytt^?gS:ffl 

[lf#>S4] If 2 IE«<d^^SIhIK^«w93 
3t^ife{i*D^T, MfEifc^aii, mJl5T/u*y^f^ 

it^ffitc:*j^T, miEW*xea, «rE*j**asitru:. 
iiTctt^s^JS-rxs^wi-s » t t -r 5 

6 j it #*i 2 is«<D^*ma[UK^««sf 

JS*ttl^i3^r. tflEiglll^ tfJEBH4*ifc«:flH* 
fcifc^ScoffHc, ilTcttMSSrJfe-rxaSr^T-t-S r t 

[If#ijt7] m*i3UEtt<a¥%{*#MXI§I&£B<z>£l 
ift*jfeK*v^T. ffifc»7Ett«ygW:. mJiE^*fr«1Si- 

*t l t * * # * # b ft * & v > t urm m & m -f t> W T* 
afctrifeteja^-c. Sufeiijctt^aii. uirE^****»= 

*t bT7K^?y^ X7 Xvfel^rtt t cox-fc § r t 
[If#rf9] lf#9l6E*W^<«ft«0&SBOT^ 

a*teiEj8v^r, stjEitTctttoatt. ME^aHttsiSfc 

3*tTT>*=r^7'7X-=rftiaS:Jg-rt>(73-Cfo.5r 



#d2 002-1 10679 

[If #91 l 0 ] If #91 1 EttW^fls*«[Hl8&^flro 
«it*&»wi3^-C, MEifeiMHSI*. »tt«»Srfflv^ 

1 1 ] if #91 1 0 E*few^^*aiHiKSB 

ffiv^fcifciwasroiwtc. 3l5ctt«iSSrifei-xgSrWi-'5 

[If #^ 1 2 ] SfjfcJg 1 E«c(75^i»ft:*«lHlSSiSficO 

1 3 j if #gi 1 wM.<r>^-m-^mm^mm<D 
[if *ii 1 4 1 m*« 1 mm<D*m&Mm®m%im<D 

iH45:i Sr#m t i-« *^«WlHl8g^BwSSit 

[If 1 5 ) if 1 E«»^^^«@K^B^ 
$a5t^ffit'*3^T. ft«lE7K*#^X7X^*jJ:t>*r>-^ 

Ejg l 0>*ft*«H3J:tflfflEE*-h«:\ AAES 2 <o)6«tlK 
?rW5;i 4r»*i:i-5^*f«liaiHlK§g«©«3t 

[if #11 1 6 j if #rg i mm<v*mi*mm®%>mm<o 
mttitmitisv 3^5)45; tsr^mt-r^^gj 

1 7 ] If #ii i E«t^¥*{*:*«[HlSS^Bco 
Mit^ffit-fc^T^ fitrE5T»Xglrjo(t5*aaf4i£ie7 

*fRIelK3gBW$ajt^jSfeo 
[H*518] EATOXSSrWf-SiirSrltati-S 

( a ) ¥*tt&iK0!is i <7?^ffi±ir^ i <ni&mm&mm 

till, (b) WEmiro^ltttcitl^MoSfP-Sr^ 
(c) fifJEiaa^Pg|5rt$r$tfStlE^l co*6 
#HXtc, «S:±^i:i-5iEU»^fiS;fflwi»frffltSr*iiB 
t^Ig, (d) BfiE««r^fi£^i:-*-5iE4»JBfi£fflOi» 
MWitiitl^O, SuEia^B^Pg|5rtic:ia^^ 
MtSWilg, (e) fiuEWex^co^fls:S« 

^»L-c*iwa«*:Hi-*-xa. (f) ttoH.mftmmmv 
^fr*is^*t LT7K*77'^#la^,<^■tciov^T7 ,, 7 x-^ 
*aa^i£^-xa< (g) WE«fei*4aaa<7)ii£*fr*«^ 

M L T T V* =• T Xf 7^ #ffl^ ■£ *s ^ X X 7 X^r tog $r 
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ffitii. (h) wfflTkmifxy^x-v&xxfT^- 

[IS*«19] ^TWlS^tt^r b*&mb-rz 

( a ) #*|ft:g«t<£>ft l ^XffiXicft 1 W*6^)K?r4t« 
(b) ffiE£U0tt^££IMIIn8iS$:Jg/£ 
t5IS. (c) WISiait6Mag|5rtSr#tfW1E»l«Oif6 

(d) ffiEKI&^fflOTftl, *2roaW*:itSrWei-4 

(e) wiBwexaao^ffse^wb-c, r^*y 

*^/Hv*fcifei*&«fc«U:i6-*-Xg. (f) ffJEft l o 
IftMKJS <fc tflWEEIftil::* 2 ro*fe^iSr*tigri- 5 X 

[»** 2 0 ] l 9 fBtto^V^niElKSB 

2 1 ] 1 9 tEtta>¥W#»Rls]gg3£a 

■C*5riS:i»»i:-rs*8WWfcWlilg8«««)«it* 

[it 2 2 j tssjtjs i 9 mmv^mw&mm&mwi 
im*m 2 3 ] ts*ri i 9 E«w#-^ifcte«iHi8ggB 

<DSi^m^^^X. StjfEil7cttMS(4. iftE^frS 

[w** 2 4 ] nr#£ 1 9 mm.<D*m#Mmi5}&mm 
<n%2<Dmwm** v*m\ci:^xmmirz>z.bz¥fm 

[»*^2 5] 9ia«fe<73^fls««lHllS^e 

<oS!it^j£lr*j^r, mm l o|6IHR»iSilW«16 

2 6 1 it i 9 um^m-w^m^^m. 

W«JS**Jr*3^T. HUE (e) lit, mlEft2W*6 
Ttfx79X-?%! : m*1&-fxm*:tii-Z>Z.bt:¥f&bi- 
(»*«2 7 ] lf*ri 1 9te«CO^($:«ffi[HlSg^g 
S i CK*fcttS i OClA^^Ct5r#fit5* 



[if 2 8 j if 1 9 mm<n*mftmm®&mm 

o»ii*ft^*5V^T» lWEWS§xaw*&31iii£*i:7 y - 

[»*«2 9i sxT<Di:mzm-rz>zb%:!&wtb-rz> 
tsia, (b> wiefti <ni&m£Kmkmnn*j&i& 

tsm (c) lftKElftMnffirtfr^trflftGft 1 

(d) gft£EMft?j£ffl«>£l , 8 2©**Jtt*W**-5 
rtlciO, tfiEEi*Mn»rtfc:E*ft*:»j«i-3xe, 

(e) fflEW»xa&w¥ig#*i£U:S*LT, il5£tt^ 

(f) lWIE*l©|ftlW»*5±VlWEE«l±«=IB2«5 
ilfttWK 3 xa. 

[»*« 3 o ] if *ra 2 9 iEm<^^fr*«iHiis^e 

-?*> s r b zw& b -rz*mwmm\sii&$im<D9!tmjj 
3 i j if *is 2 9 E*<^*fr*«[e]*g!£B 

3 2 ] If 2 9 f2«w^^*W[H]8§^fi 

s r. b '*&wb^z4&&mmnmw<nm&i5fe. 
[if *rs 3 3 ] if ** 2 9 m®.<D*mtefmm&mw 
<om&mvzis^x . tfi$&m&±i&,ftb-tz>wmj&i8.m 
<D>gftmz* y*mz£oxmmi-z>zb$:¥fmb-tz> 

[if *il 3 4 ] if *rl 2 9 ie«cW¥^tt:*«0«S^fi 

[11*535] «#ifi2 9mm<D*m&mm®&%iW 

<09t&jjmz*S^X . flfllE (e) tfjK# 2 051ft 

T^T'^X^HftatJt-t-xeSrW-t-SwiSr^ftiri- 

3 6 ] if *if 2 9 im<o*m-fcMm®mmm 

<om&HmziS\.*X % flftE* 2 «5jfe*BH4, S iNl, 

s i cK*fciis i oc«^?5^-5r b&mmb-rz* 

[»*« 3 7 ] 2 9 E«W^flr«Sf|5iK»fi 
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lslK3S«of!(JS*«fe. 

tsia. (b> fwrc*i 04UHK(=eiknn»fr«A 
i-*xg, ( c ) mieeiiNnttrt^trimefliFioM 

tSIl^ (d) ffie**£j^&^5Efflgj^0>* 

mmimmamftizmi&it 

f^t5Ig> (e) IWrlBW*!©*©*****^** 
( f ) l ©«6WfcJ:^EEii±|:l2 a>tm 

( a ) ^«#S«<7?il 1 <D3lffi±\zm 1 Ol61Kflt*i(Mi 

(b) m&mintbMKBMimato*mti. 

t5lS, (c) flfliEia^MPgPrt^^tf^fESl 
t5XS, (d) «Jffi«Sr*fi8^i:i-SB»^ffl03i» 
»*tSM. (e) iftKW*Ig«0>*-i*ftt£*»;:*t 

fciitris-rxg, (f) immitoiemmtsxxmtsM 

[ o o o l J 

[000 2] 

7-f3L->^y ?-&ffi\z £ Z> Z. b "CE 

10 0 0 3] L*»U ±IEEI«»J*atff(i*iV^-Ctt. X 

5±T1B^4Coofo5„ -5-r-e. 55^(4. Mtli^ 

(Damascene) t B*tfil5 ia^fifeftW^^ft^ 
tlX\,^Z> a Z.CD^-V'>>mt. ">V^/U/v-» (Sing 
le-Damascene) Sir ^.7/l'^Vy> (Dual-Damascen 
e) 8; ££*»]-(?£ -5. 
[0 0 0 4] ->V^l^*-7 ffl;Ltff&ttlKlwE 



0fl;LtflT;^#j8l«tfjWlSSc (CMP ; Chemical Mechani 

cal Polishing) tr J:o-Cffi4*»rtw^(wSS$H5 J; 5 
[0 0 0 5] x^.r^y^">^ftl4 > %ft0g|c£ 

mmm^mm^. $b\z, ^©±«ti4cMP^i:,t 

b\z£ 9 „ itf?Lrt^a*ji*Ei»S:»fi£-*-5 
[0 0 0 6] V^i*ttW^&»w*3^T>b, 

[0 0 0 7] L^U i?(4. CHitfr/^i!?^^ 

ffi) , ia^«(OF*3iis (fiijffi*3j;u«j£ffi) 

lc . «H«5tt* SrSSlhi" « fc A <D M t 'JTI&Zm 
[0 0 0 8] 

[3§91z5Sj5¥ifcLJ;? it^Sll 
fc. 

[0 0 0 9] SIC, ffl^E^»twffl^/c^. TD 
DB (Time Dependence on Dielectric Breakdown) 

SMb-hmc's 'J a yi (3 *>»«*OiSv '«Mt«m«:e 
MMolfetHH t L rttffli-* t= fc s *s»«*<o«v * 
IftftBlli-jRWClfeftWE fcffiv ^ i *» . T D D B m 

[0 0 10] ft*;. TDDBS^tli, £jRM(77|&t»%r 
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[0 0 1 l] *2»w, SH£±#mSi1-5ffl«>ii*E#S 

[0012] I3t, ffi*ii^EISOiaj^Si:» -5r»± 
*fc»fifc$nfc«6ftJBt («*.tf±K*-iry:/l«) tOM 

[0 0 13] 814 ir, a^^EH^^-rsfcferoc 

[0 0 14] Sfc, *&W%rbii, &9kW<nmmzm<5 

»<o«j«c-c^*nMS:W3tUfc. ffl£±3r«®£:1-5*I# 
^^•IB^feWico^Tti, Mz.\-£¥tM¥- 1 1-3 3 0 2 

ixfc*S3ESE«iBI!Prt^«4B2»ift»Sr»fi8:l,fca. 
So ^Jxfi4$M¥l 1-16 9 1 2^$g{rii, 

[0 0 15] CMPf&jftfr&ffifC-o^Tli. 

ff, r^fij-fe? ^y^^r;- 1998^10^ 
^-J P6 2~P7 2l:|Sf^fo5„ 

[0 0 1 7] Sfc, ^ClSfjIt 

[0 0 18] *&w(DBWi.. mmm-mmt^- 
zsMHossm t * * y -?m t (omm^m± ^-tts r t 

[ooi9] *&mnitiiiKbxrizz<K>te<on&)kmm. 

*£Z>Xtbho 0 
[0 0 2 0] 



[00 2 1 ] 1-4 to*,, ¥9MttfcK_k©i[S l 

T >*-Ytfx&ffl$$.'t>\zls\ / ^xrfv X-v&iJI£Jt1-x 
[0022] Sfc, *«gi3H:, #^fltSffi±ro^ i rosjg 

«is*jfei-xs*3«to57K^i^^ia» ( pt"do^T-7'7X 

T«iSSfJ£1-XSSr*1-.5 tcDTfcSo 
[0 0 2 3] #^SS±rofiffl» 

iVlWlE«M4*«S:fflv^aBfWaSS:l[]i^Jfe1-xa % W 

is® i (ommmt^ xxfmmwm±\z'm 2 co*gm^^*iw 

[0 0 2 4] £fc. #3§93'4. #J*#£;&±tf>Jg 1 W|6 

iviwiaiwtsiftsrfflv^fcftjwaasriw^isi-xa, m 

^^»H^ c PJ-33V^T7*7X^«igS:li£1-xa, WSE^ 
1 co*6^*3J;O t tuiBia^±^M2co^a^ii«i-s 
xaSr^l-S'bwrfcSo 
[0 0 2 5] 

[Zfotz. *) , «II^*3(t5fflf§WS^4«D*^l*0J1-S 

[0026] 1. TDDB (Time Dependence on Diele 
ctric Breakdown) #lftt»±, 3f^cO?a* (fctxtfl 
4 0t) <7?SlJ^#TT-«®r^lwJtg^6 ^ ]iSv^®/I^^lD 

ttffl«#3** (fcixliO. 2MV/cra) 
*AfcB#F B 1 ^^5. 1211(4. *1|CDTDDB# 

AiB]je^ttfflLfcKW«r*U, (a) (4¥ffil21, (b) 
iiotO 5 (c) 14 (a) tfc'ltSB-B' ^WrffifeiU^C 
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(EAT. <7)TEG (Test Equip 

ment Group) ««|C»J*T# 5 0 0*1" 5 <t 5 fc— J*W 
»«iEl«LSr«2Ej|««M2^«j«U IJJ^yF 
Pi, P2ic^^^M-r^o rw#»BllLM^«»35S 

fsrnto. 5/im-eJb5o *fcE*fc»fii*H:i. ssx 

i , p 2 F^s^«m$ij^3§ ( i /v«je«) srSMfci- 
z> 0 K»^f-y s ii i: - # H-cMShwa* * 1 

4 0*Cfc:SBfi£*L5o BB 3 tt«jft«BEJ||je3B*<D— «T 
Kft!l*14 0lC, IMSSMV/craOi^ 

jis^ftiff*- 3t£45?£mffi* m^s^^t^ 

^ y— ^«St*fl[^l m A/cm 2 i;iigLfcB# 

BiTDDBjfA (5MV/cmi^Slt^TDDB# 
<bbfc 0 ft*3, ;«HU:*5^-C\ TDDBf^iii, 
«FK«&L4l>K!9 0. 2MV/cmJC*5lt5fiKiS^ra 

E*SWofiRSl¥^ r t tt^ 5 * "C t> 4 v ^ 

[0 0 2 7] 2. /7X^Mitt, ^X^tftfi^fc 

*-C«*+*ni:tt-C#4v* 0 tot, *KT?li, fcfc 
tfir^^r^x^t^Ltt, ^ry^^r 

^S:*tpr.i:Sr#8fe-r*t>Ot?t44t\ 
[0 0 2 8] JKEttSHftO^X-^itt, SAf^/H, 

«wttm~osit£ai^*4e>r. *«M©Rfcsw*£*ft 



[0 0 2 9] 3. *ST«itf»^?)45 i$*tfc* 

TK*^<7)«7»^45t*3lbfc»&fc:t4 % -JKW4S 
Itttttfl- («*tf4N (9 9. 9 9%) ) SftSfcfrt 
JtK±«)IWCO«I-C«fill**tSr fcSrSEIU o. 01 

[0 0 3 0] 4. *H"C^oai*i:v>5t»*tett. IC 
*»*c*5*t5aE*JtSr*5t><ofci--5 0 -T4to*>. iS 

SffiSSrFbtLT, Fa/ (Fa+Fb) =0. 05 

[00 3 1 ] 5. te*jM*«EFS (CMP : Chemical Mec 
hanical Polish) ttt, HKKttWSffifclSttWKft <b 

AH ^m<D h *t»4 ^ 4 5 y K fciSHtt s 

oT5ff^^rtT 9 CM L (Chemical Mechanical Lappin 
L4^ififi7 y-CMP4^t J atf 1 b^<!:i-^ 0 

[0032] 6. mm.? y -itmrnmrnte. —m^m 

tOlifig^O. 5%ll*i«)7 7yS:f^Wt^ 

-tn*Cjtt < IR 2 * ^ y ^fg^^tft^ift 
fc54i£\ ^ r 7 y 2 ^ r ^ y <Z)» 
•»*J:Dfcl«f«±, S*b<»2«fW±/h$v^-& 

t\ HftW4Xo^^*WiS«tit¥»«W«-etT5»'& 
[0 0 3 3] 7. Wi§?£ (^7!i) fcf*. -^(C^^^- 

jc*3v^Ttt«w^ttK±> w»attds»&snTi^4v^ 

[0 0 3 4] 8. (^^yJhlT-) fctt. — 

[0 0 3 5] 9. KAWfctt, ftJR0ft9K:H*t£. 
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:tliiot, CMP(cJ;5WecoilfTSrffl.lii*fcliJfi] 
M-rsaBHSrV^\ -^(cO-Vh !)7/-/u (BT 
A) *if7iS{feffl$4x4 (sll<iiWf8-6 4 5 94 

10 0 3 6] 10. TJRttt, — «^«d«f| 

^ y Tttroaww-e* 9 , — juiz, a-ft^^^ (t i 

N) . (Ta) , S-ft^^/W (TaN) 

[oo37] ii. mib%:frw.i& i &tctemib&&-* 9 >\s 

IEIS<tfi, — ilxtCli/V^'/U^^'v'VCsingle damascene) 
J ^X3.TyU^'-x'->^(dual damascened if <D£. ilfe 

}&X'tizm£tiz>zktf&\,\ 

10 0 3 8] 12. iiiRlftl&*, IR6f»i> jiltfilfti 
[0 0 3 9] 13. igJUfclCO^T, TAcOBlei^j-r 

5j (*fc(2 rBir^i-^AWj ) i^Jt*sxtv^ t 
- h SrKflSfc: LtAli5tt5»ii/- h SrfUlL Lfc k # 

[0 0 4 0] 14. *Str*3V-C^^*aSKSBt 

*iit-e*< » m^oXt£\,^ftW^i£MzLW&*l& 
SOI (Silicon On Insulator) g^-^T F T (Thin 
Fi lm Transistor) m&m&mWfcft k k V ^ o fcf&CO*^ 

(— /K(rt5l£P3ffi^) , SOS (Silicon On Sapphir 

[oo4i] is. ?^./n (^at*jfiaiate***fctt 
[0 0 4 2] i6. *m-&mm®&?- > ? (^m-ttmrn 



[0043] i7. ->y =v^-w h7^f h\ mt>r-4m 

[0 0 4 4] 18. ^^'y^li. SAii^E^WJb^ 
[004 5] 19. ^i/N^n-tr^irfi, flfrigi: 

(in, iiffiw^^ (55-^) ro^nga^ffisg 

[0 0 4 6] 2 0.. D^P-^^!)y^ (Long 
Throw Sputtering) ffiirfi, *J U"-i/rS]± <£> 

[0 04 7] 2i. =■ y 7t— h^'y^ y >ym±, r 

M(ife^ro«Sr#AL. !&SJftK:fiiEj*#&iaStf>5«S 

[004 8] 22. y rMtoejiftM nai (£$ 

fit, = V** h*-/M£fcl4*/W— yu#) 

^t^WLTl^, E)4li. Jg^6 0«D_hB*3<}:LRr 
^16^6 0IC^$tufc§a«»6 lrttr. /<!I7*6 
2 y ^^ftt'itffiL-fc«ftS^*^^*LT 

^y T«<0f3fl*»i:lr*5Wtt, — ««i^iai»iii 

6 0 ©111©^ !) 7g 6 2 ©Kf D 1 if 9 „ K 

ia»?f6 lrtrofiijiia ((iystjSffit(D 

5CSffl5l-*J»t-5^S5t^rtf) »c*i»t^/<y 716 2«I 

Sttiv^v^, -ewa5^-c-wBIJf:D2/!>sfttffilii:* s »< * 

*JttS^yr^6 2(D^SttSrV^V\ ^:<7)g|5^T-c0SiJ? 
D 3 teJhfEr "zKffllflEoft^ff< mz-ltt&W&b 

If^l OOnmf, NKA^lz-^SOnrai 
fcjfr§-Jw*5^r»4, /<H7l©f*»l OOnm 



(8) 



¥tm 2002-1 10679 



*Jtfi 9 0 n mSS-Cfoo7to 

[0049] 23. immm^mmm. mmtmttt* 

BWt^y^^JK (fctttfTEOS (Tetraethoxysilan 

fcje«"C*S. -JRWKW:, TEOSMMt?£ 
= 4. 1-4. 2SK£ilTS:iS»m***ft»l«i:»5 0 

[0050] JWT<7)|iJ6^m{cjo^-cttfl!S:±-t^£, 

[0 0 5 1 ] WTO|IJfi^fi8^*3V^T. g9?t<7} 

[0 0 5 2] «T<0**O»ttlw*5l>-c\ ^rO 

fcfti\> 

[0 0 5 3] ^T^ffi^flgl^PT. 

b fcah&fe «t vjssaw ic n e> jwz - t 5 -e ft ^ t % *. 6 Jx 
[0 0 5 4] *fc, IHfc^»li«r»Wi-5fc«>O^DBIw 

[0 0 5 5] Sfc* *Hlt(Z>«l»^*5t^-Ctt, «#Sb* 
h7i/^^$:ftit6MI SFET (Metal Insulato 

r Semiconductor Field Effect Transistor) £rW^M 
IS<tl§U pft^SM I S F ET^pM I S i: 

IB§U nft^uI^MI SFETSrnMI StBfo 

[0056] mm<Dmm i ) 

[0 0 5 7] #«W#b3ftS«»tUfcCMP**»a* 

8M4* CMPffii^^ 7 !) f WlftSr»4t5 SWS: 
tLTi^o tvu*/ y 8lc*-ett, flBiitfr^^-^T (n 
H 4 OH) »*^t**»»«:/B^fc. *fc, Bfe»c*Ji, 
T D D B ^(DfSl±^|MS^^) @ t TP 

5 0 BHfei*-eii % «itf7?/8 (HF) *S:*tp*»» 
I00 581 B5 (a) , (b) tt, E*M-ifctf>«ft5 



ftii*Eilft 6 5 a , 6 5 b CDBfffiia^— 0»£r^ LTV > 
il^iA^IE^ 6 5a, 65bll IftlUK 6 6 

9> ^-fixt>« (Cu) *r±fiH»i:i-*»flcBt«r±** 

[0059] n 5 5 *&m*bnnm&m 

^^^ffl^^C#<, H5 (a) l£0!I*1-5a*i&*E 

5 (b) fc«*1-fiaft&*E*6 5 bco^feo«t 

$ tt5 t-oix-c % 4siwffl&a»»*E*'<* — v 

[0 0 6 0] 4 7^ ±ECMP«ifc*t?W[, 0 6tw^:-r 
£5ft*WF& (WT, iyfan-^ay) EC#ft 

m^n/co rnii, ffftafei&frEtfiifcfcmftafca, 
*4a*a*E*03iy^», « * a » a * * fc j * 

ffi£a*»*E*Mc:*3tf ^CMPMIW:^ y K^Mfc 

Ifti'lfHUH (CuO) <D»rit*ffiJlUfc9\ 
CMP K%»l«t^ v * 5 *«0*»»ltlH= «t 9 HSfta 

[oo6i] -t^-e, *381<so»«-cm:, cMpatfc 
otcMP«a#©«ii: ( *fcttT/u*yjj6j^a-e*)o 

TBHfeiMW^ 5t7C«iSS:fT^o -*xt-£*U2\ CMP 

«fc^^ti-*a*ii*Ei»oEi»aR^a*p^tt 

^»fM*fcttWihi-5wfc^"HriiBi:ftSo 
[0 0 6 2] TDDBift^ffcoaifitt^ 

[0 0 6 3] itfifEL/cJ:?^ «SrE»ttWcffl^fc» 

^^A. t5 t*L<«<ft*^i*s— 

^ >^^r yidfico T D D B 1#tt^S^ L/cf 

v 7 A) fc±V#^^r->EI»0*5H4 (x-^B) Sr^ 
tttSt, «#»«^0. 2MV/cm (ii^ffiffliK 
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£>53X10 8 sec (10¥) Srffl^ffiiSo 
[0 0 6 4] C^fftg^io^T, T/u^ ~*AE#8te:, 

^ftJtlSo #:fc\ i:TOTDDBfttlj:l4 0t 
[0 0 6 5] :^J:9^TDDBf^MSH(t IS 

# = X*fc3J!jft-Cjl.ltiLfco 
[0 0 6 6] E**o»±]]K^:fctf>«J: 9 

-e*>5o «<oa:ifc&Ktt«Ej»^^$ixfc»6» 
I*£***:TO£©#HMSXEttT?*5. -Ttttofe, fl 
Ej»<0*BB«r»'fk«Bfc5iM4«v'y f--T KsftSfflJriiSJx, 

nft.«j&SEj»»j«MieiU)t4: y XKi Affile jfto 

ic y - ^ /**^»ftBHRSMS£ DTTDDB »At:S5 0 
CMP-ea»ii*Eil*S:»fi8U 

Tv^T (NH 3 ) ^9X^«ia«jfoJ:5*iS5c4Df3a 

1 1 - 2 2 6 8 7 6*St(j:»l2 0 0 0- 1 0 4 0 1 
5-S-«r|B*jt*Sfc5o :«I¥ll~2 2 6 8 7 

6 *S 2 0 0 0- 1 0 4 0 1 5 * ft IS 

[0 0 6 7 ] 0811 *2»EI»i:BI/Hr»j«SttfcT 

l«^TDDB^7"^ (7>f^Re f) t*1" 0 
<bft3o 

[0 0 6 8] H9tt, a»a*Ei»ffl^EI»»«r»J*L 



X-eteSSrlS-frtf, SfeJwTDDB**^f6i±i-5 0 b 

5 Q :n«, TDDB*A&$St55Btt«»H[<0/< 

[0 0 6 9] *3§f3#<bte, 7^7/7X 

■^*&a^«t 9TDDB**35^j;t4«*Sr)!Rlft5fc 

[0070] mi o-m 1 2^, semi^xps 

(X-ray Photo-electron Spectroscopy ) 5^tfr<Z)^p^:^r 
^Lfc^y 7t*fc5 fl &m<D (a) , (c) |j:Cu2p 
<05»HS*«r*U (b) , (d) UNI s^Jttt* 

[00711 010(a), (b) li7Xf#JR§Ofi 

Six, ni sw^ii/^fXi/^u-efcsct^?), 
mo ( c ) . (d) mmzcMP(D^mv 

fcita<75«Eil»*ffiS:»«f bfc3e*T*>«« C u 2 p (7) 
t 0 -^ £ £ fcKN 1 stf>fc°— *dMR|fc£ft5 0 ^7lii^ 

i^y/hy7/^ (bta) ^sns^ti 

««ffifca«LfcBTArt<^a*«r«*U-Cl^ 
t^(blif#5 0 Ull 1 (a) , (b) \* % CMPf 
t-»*^*^ffofctttt<7>«Ei»*B5S:^WLfcfe*-C 
h% Q Cu2pt°-^C^tlj:£^V^\ Nlsfcf 

%;t<bftS 0 011(c), (d) H\ 

4#IB»|tbfctt»<D«Eil»*ffiSr^WUfcte 
*"CfcSo Cu2p(^t: 0 -^^tlltti (CuO) 
0>tr-*aMMiSft*« Ni s 
fcttJLfeftfcv*. 9 «*ffia^frfl:£ft* IMtfN 

[0 0 7 2] KOi Sl-iMfcSftfcftEiiltCT^^T 
^9X^ja«fc)tLfcttl»o»EI»*B5«:»«rLfclS* 
*H12 (a) , (b) -C£>So ^bil^Ot: 0 — 
i*Ltl^ 0 — Nlsfc-^l^<ti:Tl^ a 
SB*ffi^a5£a?ixX*#^3lta^4xTt>Sfc t fclc* 

ft*:$HEI&l;:3 5 or^Tk^ffiaSrltLfctttt^E 
«S*ffi£#*rLfc 0 S*^il2 (c) . (d) T-fc 
£ c C u 2 p fcT— ^iZOV^T, (2 1 2 (c) £12 1 2 
(a) £ fcJttfci-fttf , £ 9 7Xr«l (1210 

(a) ) jcis^r£A*b, **jftjaao**s5i5Etttta 
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[0 0 7 3] £A-k<D&^frb, T^^T^X^l 

[0 0 7 4 J 01 313, @Ht^>y ^ylSffi^XPS^ 
5te, ggMLv-y ^:/)S£^fC*^#f (TDS-APIM 

co^«flcjov^T^i:. cmp m^^xnotivtm \rf 

*Tofc#tfg (^77^^) , CMP^gt^i^T> 

CMP^^^iC^^^X^^^^tofc^fli CXu 
yr4^F) ico^T^tff LX;: 0 ftjo. ^C7^ r ^/uc 
^ 1 e VU&<D^^*/^—^fa^(D^tl\±^^ — i>T 

[0075] 013 (a) N (b) fl^trSi 2 p ^ 
h^SrSl^b/c^ — ?X&<9 , (a) IllOnmg 
S<7^££, (b) (12 nmfMSco^^Sr^WLfct^ 
"CfcSo 013(c). (d), (e) h£#*Nl s, 
Ols, CI sX^^h^Klfcf-^tfc^ @ 

13 (b) a»e>, 7Km^^X^^S (^o^r^yUD) 
OfS^A^—ffi'J ( 1 0 2 e Vttfi) C/o-K^'t- 

-H^^^tt^^tt^^lX^o 013 (a) frb, T 
(Xcz^r^/^F) (^105eV(Dt o -^^lx 
M%fMft(D}i 0 — ? (10 3. 5eV) llSi-O-Ng 

ZtmmZKZo £Xc. Ell 3 (a) t (b) i:C0i:bi& 
T^-ry? X^MiJo £ o^i5t:X^ X^&yii;: J: 5 

^fbte, 013 (c) T^5ti&-?#>5 0 013 (e) rt> 
b. 7K^^^X-^^ (Xc3^ r ^yUD) -Cte^JSfS 

(yw7 T<< frC) (7)2 8 9 eV(^t 0 -^(j;C-O^ 
*l5o 013 (f ) W\ Sit-^^Nt-^H^^ 
~T-7y XvfeIi:tS7 , 7 X^&3g<t Tfmi3f|!^0 



[00761014(a), ( b ) , ( c ) . ( d ) 

4 1 (Ar-H) . fit 2 7 (C 2 H3 
) . «*iSc5 7 (C4 H9 ) % ftf 5 9 (C 3 
H7 O) ^ffl/tLfc^^-e&So ^fd, 015 
(a) , (b) , (c) , (d) l^^fi»2 8 (S 
i % C 2 H4 ) , Kfi»4 4 (SiO, C3 H 
6) , J£fit&:2 9 (SiH, C2 H5 ), Rfiffc 3 
1 (SiH3 ) £$j£L7t^^-C&5 0 
[0077] 014 (a) r/yX^fcWSfcJ:** 

(Xn7r^f^D) (^flfeBi^^^iJ^ (5 6 0t) 
^ittSLT 5 2 0°C<tt£l^ tfi>t>frZ> Q 014 

(a) \ (b) , (c) frb. &yu±*th^mm<D 

[0 0 7 8] — 015 (a) - (d) frb. 

0-4 0 0tC0t c -^li«-^, Si N SiO, SiH, 
S iH3 (tSibtiSo «-0$rit^-r^<b, zK*. 
^e~r, ^^co#^^x-^^aST% s i Oct) MMLte FLb 
tizfiK Tis^-ryy x-^%imxtes ih, sih3 

v^^^y^^--c^^i-|tK,i-^o £Xc. BtJIftir^^^i 
v Xv^i t T ^7X7 X^&i3S £ -ete(3:i£[p) C £ 

[0079] zftb<D&%Lfrb. mtisv ^^mmm<D 

V ^y^l/Yo^WMtteZS i -OH^S i -O 

-\±^ r^^^ryyx^^m\zx^, iiv^-^(ds i 

(Z)S i -O-N^gSflftL. /^^OSi-O^^ift 
*>y ^>-^<OS i - N^^^^^^L. 

btL^, 0 r^^ry^x^i^^^s^ 
fcfi, ^ttts i - OHie^pK<t'>y 

•fi^sisi, ^v^xy >^>y<omsx-h^s i -o 

[0 0 8 0] w±oo^w*s*^e>. 7>^7X7X7 
fill:*!), *<tSixfc«El*0*El±3t5ca?Jx-CCu 

^«^b. TDDB#Afc*Bl:rtlJ:t5t%ie)n 
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-So 

[008 1] «itbli7^^77 P 7X-7j5ai^ 

L/c 0 ^cosm, T>^~TX^x^g£ff ofc*|l 

ft5 Q — T^^T^yX^I^ftl^ 
^ffifetcOffiiJ^mTfo^o (X^XV&ig/j; 

W01 8li, :ilt#M^ffiLf:I^C ulfiH^ 

[0 0 8 3] MM 1^7 y^t^7/7 XV £151 CD 
(017) T-^i#®ic^ltm^ > ^^E?>i^^v^^^ tK*T 
^-/K S*^7X-7»I©i^ (mi 8) -cjij^liK 
^co^Ui^-r K (CuS i) I^M^nti^o £<e> 
*>y 1M KS^Sfetti^DCDj^S^S^n^o 

^^^^^Tjo^, c^^bgl^v-y i^Y KflwX 
#K W LT^U ^1/ h (Dfcfctfi&m £ ft 5 fc*6, 

yy^t&m mi s u) ) <om^\^. ^mz^b 

fr<D±f&m>&hftZ>o fcftiU ^<^^id^^(Dj: 

?te±j&mmf&£ft^^m&i>h*), tk^x^xv^ 

[0 0 8 4] ±fBbfc^Mm^^. TDDBM^ 

^P^^^^^f^^^JzoTW^-C^tll^tLTto (EI 1 
9 (a) te, TDDB&Mt:<7^ ^^XA^fiM^ 
U (b) ii-^cDoi^^^— K^lTl^o -ft* 

£>h. ±isr>^^rx^xv^^^^^^^ 
ft. mtm (cuo) #»/*£ft, ***:/i8i 

(ift'>y=vl) 6 Scoff^co^i^v-y f-^Y K (C 

•>y*>T KB:, M#ft M i ftft L T -f * yft S ft * < , 
^^<t9^^^Wt$ftfc^^EaKO^(rJ:^ K!l 
:7h£ft, iffi»ra^l6»IK^tt1R*ft5o 
[0 0 8 5] ifc, ±a7y^n77 P 7XvKLlS;«$ 



6 8iO*IH:, CMP^-y, 
fcli^y^y y^y K^< M§ft, ^ifi^-Cfc 
9, rcoj: oteVis?}) >X^v K 

yi^il^iSot.Ky 7 h$ftttftt5b B 

^Bg^fltrEH-ffi^y— ^^^3js^$fts 0 y— 
£iift5 y-^mSLi^. «^Baoy-^^t«aEj-j: 

[0 0 8 6] -ftfcfcfU 020 (a) , (b) f±, _b 
E7y^^7X7X^lMt«^TDDBfS]± 
<7^^^^Xi> t (DM^ia^ctU ? ^(^^^yi-^w<>^ K£r^ 

7^^7/7X^iat/:^, 6 5 

*ffi^»^t«tta7cSftT}«*b. a»ii*ffij»6 5^ 

*BB^*V^bJi3ftS»rtSft*fc»aift;S/JI ^V^6 8 

tt&ffi (BMfcs/y ay» 6 6o«stcT^=rx^ 
x^»«Sriart-fc*, ^t7Xi (»t->y=v«D e 

8i:w»*S:i«ftl:U X^Xy >X^>- K<o««S: 

6 6^>«ffiS:IPf**ttl»^-e#5 0 Utj&SoT, TDD 

M^»mfr»ffiT*«J:?««tHK6 6 k**yz? 
K6 8 £*>**»BBS:»rt-e#5. CtiianDDB 

[0 0 8 7] Sfc, fipJfabfcj»Wa>?>, 7K*-X9X-^«l 
8Tt>TDDB3Wfr£fi±^#5<t%;tbft5o 

7k*^7X-riftll:j:!), «*ffitt«5cSft, S i 

-o-^co^>xy ^x^'v k^», ^satft-ss i 

i-H^BtJKL, S i -N-CMl£ft£o rft(cJ:^iS 
«»*l6«Bt (Sft'>y^>«) 66^t7XI (Sft 

[0 0 8 8] i21il 7K5RX'7X^*QigSrt7ofc4&^ 
OTDDB#A^f-^Sr*Lfc^77T'i)5, 
7^fyRef i:^^>-A (7y^^7/7 

X 7 X^tBM (D l:liX7X>^V-y £ft% 

zh*mm£ftz><DX\ ^rty^tttt^^v 

5o ft*3, liX7X-7^1 (7>fyD) "CtiTDDB 
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#^^^iotI7t5o Ell 4, 15^?)tfc^5i 
»ii*B»6 5*3iW»»llt6 6 ^tyy«6 8t 
[0 0 8 9] ±lET^-TX7X^»Stc|£LTJ4* 

v N ~.y ^A^^FjStt^t^ft^^^^x^-effl 

r^^e^r, Miff. T/u=fV3=fcf4^ y t^k^m-Stf 
^•et>Sv\ Sfetc rfr b a>k3iR£ftfc 3 tg 

4 7CI^^7ES<7)S^^7 tfc O T t fit \ r<D<h 

[0 0 9 0]*^f5)ll K±Oi54TDDB^t 

Lfc (#H¥l 1 -2 2 6 8 7 6-§-*fcfcM#IK2 0 0 0 
-104015*). L/^U 35^*4, E^ra^ficofS 

(1. O/zmlfyfffco^t^O. 5jL£mfc£VM4 

0. 44ymt o y^ca»^n5^) nam 

[0 0 9 1] *3Hfc^«l«fci3V^Ttt. CMP 

fCW#tt*5 i t>*T D D B 01% & £ \Zfa± £ it 6 w k & 

[0 0 9 2] 2fcfc, *38W<OS«SfflSr, WttfCM I 
S (Complementary MIS) —LSI (Large Scale Integ 
rated circuit) COfiS^fet-ilffl bfc»-&*BI 2 2 CO 

33, 812 3*3*0*1224 (a) (4«fflspBEL #111 
(b) 14 (a) OX-XiR^»rEia-efc5o 
[0 0 9 3]B23i:*3i^ *^fc*J«^5¥** 

Iffil (&IT, 14* Witfl-lOQ 



5. ¥»*2£«ltf>±flS (* J F-»«aB) t-14, 

5j4S#j*£iiTt*3. pS^7Mdl4, «*.tf*5r*tf 

-(D* 9^^^gta5t-ffl*nfcpa^Ji7U4*3 
iU^nS^^/^SOOff^ffl^iCti. nMISQniojir/ 
pM I SQp«^tl^ c 

[0 0 9 4] nM I S Q ndoit/pM I S Q p<Dtf— h 

[0 0 9 5] ^— MftWK6tt, lft'>!l^Ii:ftx 

^S5^<7)-C\ >5r— h*6*)K6<D/^5/ H^^r y TiiSttSrrSl 
y=»^iK:»*+S^tt. «itf**#i«iS:NO, 

*ft*fr0>*fl5fclHt->y 3^>&45^ htftlftK6 
[0 0 9 6] H6WK6«r, Mitflft^y 

= >*fcsvM±aMt'>y =>mkmtisv =^mk<D& 
Hft«W6«r-«Mt:vy 3^«i»iW-e5nD*«, 

3nm*«S*T*»<i-^^, K» h >*^nffi<D 

»«**Kv^fc*t)«c*<o-»fkvy ^^mnm&ftmm 

v-y =^IUti:RI*<7)**S:»ar ^oT. 

mmitisi) =^mT*mjiirt'zzk\zjL9 x v-vwsm 
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[0 0 9 8] 

£ s 

[0099] «*.tfaMk^ y =» > ( s i o 2 ) (ommm 

fi4 — 4. 2tfc!}, ^iki/V ^is (S i 3 N 4 ) COKSE 

- h ffittJR i KV 3 nnOttfb ^> y => b ft 5 y- h 

^tJK® 2nm(7?S>fkv^y = >BI (jft3ffffltff= 1 nm) t 

[0100] nMI SQnfcit/pMI SQp^^-F 

««7tt. w*.tf«att*is»->y 3^«t; wn (»t 

^bft*o fc«U ^hlS7lt t£«ft**Nlr> y 

= vBlifc^vy^x^^yi^ KJR^fci*^^ h 
(Co) 5/y*^ K«*r««bfcaWBI4 4r«r«o-C* 

^fc^*|£ B a B (D^y (Si) ty;U-7r:>?A (G 

e) ^o^?rffl^Ttii\ y~ hm®7±ic:(i, m 
A^>y =^e>ft«-y->r k**— A^a^jftSft-ci^ 

So 

[0 10 1] nMISQn(Onm*fi«10afc 
J:i;n«*fftS«10blt nMISQn^y-^ 

1 a te£Wp+m*mfc^l 1 btt\ pMI 

*MMcl 0 b^oJ:^p + M^*ffi^*®^^, #0*. 
tff^yyUf^f K*fctt=i/<^hS/y*>f K«M»fcft 

sr>y-y-^ 1 2^«j*sn-ci^5 0 

[0 10 2] rcoj; ^ftStSi li^llfSiii 3 7iSJtar 

^> #Jx.tfB P S G (Boron-doped Phospho Silicate Gl 



M*ix5SOG(Spin On Glass) gt'MLtt@: 
\i\ 3\at, =»>*^ /H 4 a — 1 4 c 

^fl2j5££*L-0^ 0 3 hsfc— /H 4 a , 14b(D 

I»b(iy!/t-T KIl 2co_h®— 95;$^fcti£*XTl^ 

«fig7<DJiffi— SB^Bffi$nTv^5o 
-/H4a-14crtl:it 1 Stfi&J&&tlX\,^ 

5o ^7^1 5Ji, fi^tf^V*^ h*— /H 4 a — 1 
4 c(DrtgBSr^trJ6^1 3±l:CVDi£f tlftf ^ 
y (TiN) fflfcfcjitf^y^xv (W) KSritatUfc 
IftfURl Si^Sfta^^vBtfciW^^y^ 

U ^ h^/i^ 1 4 a - 1 4 c 

[0103] ffttUt 1 3 ±fc«U ffi 1 JIEflllM 1 ^J5£ 

ShTi^o *lJHEJftMm, Mili^^f^ 
S^ilCTnM I SQn^o^^pMI 

SQpcoy-x- KW^y- hWM7 tm&$)l~& 
1 ^rf 9 J; t&flURl 6 a ioj;«fcigi 6 b 

mfrt>m\~*mztix^z 0 i&fiii e ai±, 

«*y^— oj:5fti8;««*4lftlW^b4 9. t&ftflt 

i6bit wxtfiWkv'y =>«^e>ft9, 

[0 104] te&JRl 6 a ^Mt^a^^-^r L 
Ttt, Hill*!l7!l/n-T;u (PAE) ^fffios 

i LK (*The Dow Chemical CoffiL itWtt,^= 2 . 
7. 4 9 OtKl, ItBE=4. 0-5. 

OMV/Vm) ^/cteFLARE (^Honeywell Electr 
onic Materialsffik JtSf 2 . 8, §1^8=40 

0tK±) PAESMI1 ' 

[0 10 5] %IRl 6 a^fft ttit PA 

ES»Wc{t^T. SiOCim S iOFMS, 
HSQ (hydrogen silsesquioxane) MSQ (m 

ethyl silsesquioxane) ^£f£k ^7^HSQ|$t 

[0106] Si OC3Rtt»t Ltli, 0iJ^L(iB 1 a c 
k Diamond (^Applied Materials, Inc®k It; 
^fl;^=3. 0—2. 4. iMt=4 5 0t) . CO 
RAL (*Novellus Systems, IncSS, ltSie*= 2 . 7 
- 2 . 4 . »JRH&«= 500°C),Aurora2. 7 

(p*^— . • x-M±n, \tm9M=2. 7. mutt 
ag=4 5o°o itiip-MTEs (siim&m. it 
mnm= 3 . 2) ^&5 0 

[0 10 7] HSQ*tt»i LT(^. MttfOCD T 
-12 (KSC^kXjKM. Jt»**=-3. 4-2. 9, 
4 5 OX:) . FOx (*Dow Corning Corp. 
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m. ttmmm=2. 9) s^ocl T-32 (mjz 

[0108] MSQmtnt Lttt, M^tfHSG-R 

5ot),ocDT-9 (m^^bxuM. ttmmm 

= 2. 7, jfM^=6 0 0°C) , LKD-T2 0 0 
( J SRE it^m^= 2. 7-2. 5. 4 
5 0°C) „ HOSP (^Honeywell Electronic Materia 

um. itmmm=2. 5, i»s=5 5o°o . hs 
g-rz2 5 (e^bsxaasL itmmm=2. 5, m 

MS=6 5 0°C) , OCL T-3 1 (MJf>fcikT.m 
ffiL Jfc»«*=2. 3, H^«-5 0 0°C) ^tz\*L 
KD-T4 0 0 (JSRE itSIS^=2. 2-2, if 
m&&=4 5 0°C) ^&5 0 
[0 10 9] tf— 7^HS Q^MW£ Itlj:, W^ltfX 
LK (*Dow Corning Corp. $SL itff 1E^= 2 . 5 — 
2),OCLT-72 (HJSjbXig, it^m^ = 
2 . 2 - 1 . 9 . Wftefift = 4 5 0°C) . N a n o g 1 
ass (3fcHoneywell Electronic MaterialsJJk fctt^fl 

2. 2-i. 8, wtm&m= 5 o ox:&>±) 

Me s o ELK (3fcAir Productsand Chemicals, Inc, 

[0 110] sK— 9*MSQ*W»4: Lttt, #J;LtfH 
SG-6 2 11X (0^kJ*X*fii. it»i«*=2. 
4. W^S=6 5 0°C) % ALCAP-S (Jfl-ffcjftl 
US. it»«*=2. 3-1. 8, lilU[=4 5 0 
t),OCLT-77 (m^^XHjK. ltll$= 
2. 2-1. 9, Si^S=6 0 0°C) , HSG-62 
10X (0StfltfftX««, it^m^=2. 1, Hftii&ft 
-6 5 0°C) tfcfis i 1 i ca aerogel (# 
FMi»3flBk tt»S«*l. 4-1. 1) f^fo^, 0 

[oiiij tf-^xmmzkttnt lx\*. p o 

1 yELK (^Air Productsand Chemicals, Inc, ifcP 
«*=2«T\ iM«=4 9 0°C) ^s*5o 
[0 112] :^±5^iil6a, 16b(wlt f 

^fy^^/^^^i 8«^Htt^o 
[0 113] ffiftffii 6 a &»fiM-*fcA<D±IBS i O 
C3R*m*3J:tf S i OFSTO^iSl 6blt CV 
D?i-C'M^ntl^ 0 _hlSB lack Diamon 

y7^iN 2 0<[:^^^^^ 0 ^nJW^^±IS 

[0 114] Jf, *3WEO^JK^*5V>Ttt, ±ffi<7><fc 
9**WflcatKl±^, B24 (a) , (b) I^^J: 
0!l;tfiJ»JS5 0nm<7)Sfl^>!J = ^HW0>5>*5*& 



tUtl 9 a Sr^XrCVDftf TtSltS. itetUKl 

swhwwiss/iiay (sic) *fctt«Mb->y="^ 

ISrffl^^:t^t^ 0 X?XvC VDj£T*^$n 

tzMWsy ^>mmt l-c», aixtfB LOk (am 
Mm &mmm=4. 3) #*>9, t^i:BL 
tii, h y ^^>7v^!i v&tcom&jf* 

^^fi-^ttlt MitfPE-TMS (Canon 
SL tbSt®^=3. 9) *(D«J*teBIILTH:. 
WitfhJ^ h^yy7V^<kII (N z O) Xf*i: 

[0 115] ttVv-C, j&jtJRi 9 a±tr, JftHRl 6 
c, 1 6 dfcT«A>b«»c*ffll1-5 (02 2C>Iil 0 

0) o mmmi e c ±rm«iri 6 a ^Dfiii 
i6dii ±jRtb&mi 6 b tmctmti* hta s 0 -t<£> 

T% J6SJK1 6 d, 16 c, 19aSrM«*L, 
fittif (EMM □ SB) 2 0 a SrMtS ([2]2 2<7)Xf£ 
1 0 1 ) o jEj»«2 0 a SrJRjM-ftfctt, SrtftiUK l 
9 a Sscy^V*';* h 7^IIlT»Il 6 d, 16c 
S:SR»l:iyfy^L, *<E>SL »IWl9afcxy 
fy^t5 0 r^J:?^ Ki§S8l2 0 a a«»j«£ft5*6 
a»16c, 16d^)TI(C»V>f6iil9a4:Mt 

JtUfctl, tfitftWl 9 a Srxyfym: 4: *c J: 9 . 

E*l»2 o a^«B*»«*ift±s-frar.i^-e#, sal* 

*2 0 a SrlHOiitfSr. t*<Mt^^tm5 0 

[0 1 16] ±.tmiBM2 0 a (Dftm^£XT<D£ 

[0 117] ^-T, 0 2 5i;i^i-J:9i^ iaiSf#2 0 a 
<0rttt*£tf*61W*l 6 c, 16 d±^. 0!l^tf»t:^ 
^> (T i N) *^5>*S»V^i»«tt/<yrBt2 1 a S: 

y ^ymmX-Mffi-FZ (E12 2C0X^10 
2) Q r<D*ttt^y7«2 1 ate, tt%<B£«{Hft}g 

16 c, l 6 d i:0«3»tt«:rti±**6*MBfeJ:t/±* 

>^ftx:T, jHiaifKJESL^v^k^v^^v (w 
N) , (TaN) ft ^^AHjftAAtt^tt 

x, =^ (Si) SrWbDLfct* 

«i:S«LJ8lt^^^/u (Ta) % (T 

1) . ^>^^^>- (W) . ^^>^>^^7^> (T i 
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[0 118] &mM<DBBX*\^ i|Itt^!irl2 1 a 

[0 119] f^r, Ittt^Jl7l2 1 a 0iJx 
tf«^b*5*SWfiK2 2 a Sri&S-rS (02 2cox*l 
103). *3WW»«"CI4* ±m#»2 2a&*v* 

^^K^fffi2 2 a ^itaLfc 0 
[0 12 0] fc/fU £a»««2 2 a Sr^^y* !i >^ 
ft-C»*t5Il:tt#5. ro*«tt/<!l7l|[2 1a 

*5«t^*ffiK2 2 a sr^-r-sfc^o^^^^ y ^ 
ji ^a-^ y h*^v* y v^ifc* 

[0121] jR^-C, «*.« 4 7 5*ce«^*a(Mttt# 
Sft («*tf**#H«) *-eaiSi Sri 

iaot±SM2 2 a £y 7n-Jt fla&Elftilt 2 

[0122] »cic. r<oj;?/ t e±iM2 2 a*3cfct/* 

ltt/<yrj|2 1 a S:CMPffi»:J:ot?f«tfcS 

(0 2 2C0Xgl 0 4) % tt**<^*jwaas:ftT, EH 
2 6l:^«pii, E»*2 0artJc«Sr*J«^ti-5 
Stf>ii^Eli2 3 a Sr«jfti"5. CMPfeltJit/CM 

[0 12 3] «t^-c, Sfii^XioHttimji 

05) 0 ::xii, cMP&i^<7)^7yf^ft^ 
it^i^itfc^ cMP-eSfiii:W*UcS 

k<nz e t a Ste£:*ft£Ji;iT. ^n^felcoBS^f ;£> 

0SxJfT^ / A- (DAE (Diluted Amino Etha 

nol) , : 2 — AminoethanoK H 2 NCH 2 CH 2 0 

H, jg£g:0. 0 0 1-0. 1%S«, »*L<ttO. 

01%) srffli^fco wooauftrt, aico^^^^^ffl^ 



loi24]«i^ s*n-3PtLr5t7c*aasrill£i- 
(022 wii 106) o -ett, i27 iw^-r ± 5 

^> **^f^#H«t*-C. Mttf2 0 0-4 7 5t, £? 
* b< (13 0 0°Cs mz-fto. 5-55)\ JJSL<tt2 
»e«^«ft«iStK«l^»LrlfiLfc (*# (H 2 ) 
Tn— /u) 0 - 9 % CMPP#tC3S£bfcS#ii^ 

£*H 2 3a *a5WBWb«JBtS:«KJ15ci-S ^ fc ^T-^ , 
*<D«^lfc»»lrJ:«»fti&*eil2 3 a<D^y^ly^ 
Sr»M*&»4l»Jhi-4rt3*5-e*5. r<7)fctf>, Eftft 

CMPfiI*i:iiSifl!)*Il:#ttfcBTA 
J: 5 4 1 1 ^ 1 4 9 »6» 
IKl 6 dO*JISrA»^m9 t^It^T^^^g^ 

9, CMP Wtf t B T A^ODf » S: fe^t 5 I 

»*«ISK*«^TDDB*A«r*:BJcffi|±*^:5r i 

[0 12 5]«PT, 0 2 8tC*fStf ltettLTBMfe 
^l«t (i22OTH07) 0 TD 

fc*l4 0 (HF) jftiftt, tit itf^?^^? 

^ft»Srffli*\ HFSSSrO. 5%, «f^2 0# 

[01261 S29 l^*HSSO?^Si- i^TDDB Itte 

-^r^^cOTDDB#tt<i:Jt^b, T/u#y«fc*§K 7K^ 

^2«Tf^]i:t^^^W§ o «nifttHR{wiS:W«*a> 

fiitT, CMP«pl^»i-SBTA*<0*DWfc^|»* 
^^9<ir, TDDB»*Srfe*-r5l»«lft»BI*ffi^^ 
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[0 12 7] *fc % ±12<7>«fc 5»-B*ft^*4tt, C 

\z£%mkmm<D&£:, EM&ftattfti ($») *3iv 

»»J*fcttB&Jh-e#5. 0 3 014, *Htt<0«1»«riiffl 
[0 12 8] ±|S(O0iJ-ei4, aMTt^Si: LT.TK^T^- 

rims, fci*5»*a*»e>ft6. **r7X^^ 

[0 12 9] Sfc. ±SECMPSac*«iS(-5feW*fcli 
Mtt, S«1WSB&*^;**7X&8K fcfcTk®^ 

[0 13 0] Jkfc, ifBffigM&JSSrgfcSL Wiliffi* 

y ^^toSftitf^tf^te*^ i p a (^y/Dt^r 
/v=3 _ /u) ^—,<~itM#n m22<D 

IS 10 8), (022 (DJim 109, 110) 

fc8T*ty^WHt©»*l8 (Hi2 2cox@i l 

1) (C^fl-^^o 

[0 13 1] :ct?B, if,'H3 J:5I-, £ 

zk^x^x^&s&Jfci-o r^**X7X^#ys* 

#14, W*«aE*l0ESS:8-Y^ (=^2 0 cm) 
£Lfc4§^\ MfSEE^SrS. OTorr (=6. 666 

i x i o 2 p a) % mm& (rf) mtj^e 0 0W, 1 

tgffi£S:4 0 0*C. 7k*^gtl?:5 0 0 cm 3 /mi 
n x fei^PHS: 1 0-3 0#tt5: t^f#5o «« 
BBEPBtf4 600mils (15. 24 mm) £ Lfc 0 

[0132] m*x+ 7k*y7X-v«iiigi o 9o 



TV^^T (NH 3 ) ^7X-^«iaSrJE1-o w<£>7 

2 0 0 c m 3 /m i n i: LfcEWM4, Ig 109(7) 

[0 13 3] fc*5, X^X^*n,3l^#J4. ^JxbM^L 
fc*#^PSe>*t^t^J4t%5^*)5o *3B9H#&<0 

*x b cd*o JL £ £{K«j«« ic J: 5 &#<z> tf b o # 

5 4:. OT;ififfiSEE;fil4 0. 5-6Torr (=0. 6 

6 6 6 1 X 1 0 2 -7. 9 9 9 3 2 x l 0 2 P a) . RF 
m^43 0 0-6 0 0W, £ffii&ftJ4 3 5 0-4 5 0 

tK* ^^«E4J4 50-1000c m 3 /m in, 7 
l/^^Tjf*jfit&&2 0—5 0 0 cmVm i n, 

b#mi4 5 — i 8 o£K mmm^mm so — 1 ooom 

ils (3. 81—25. 4mm) 

[0134] ttl^T, 7^^7X7XvteIIgi l 
OOll *^BBJ5c^r-f»jKbT. 03 3 id^-T X o 
ffi^ii^ffi^ 2 3a ft Jzt/ffiftflE 1 6 d <75«ffi±fc, & 
Wl9b (^t^i) ^CVDft^iaoTW 
5 Q ttfMKl 9 b{4, MttfiEftlHIl 9 a H— J? 

[0135] r co j; 5 \-*mm<Dftm-?te. *^v?m 
m<ommmi 9 b comm^^tL^xy^my^ x-^sft 

i t/T ^^7/7 X^#igSr£« 1 ic^j- LTllicJg 
[0 13 6] 7y^^7X7XvT1i, CMPt«t;$ 

KfcfflKH^ffico^k^ (Cuo, Cu0 2 ) &m (c 

KflS*BfrC*ffc* (C uN) J|jPati>a&&Blk2 3 a <D 

<r<»i^««) hm^^o is«ftn^i6«HKi 

6diffi (r<*t^fH«) T*{4. S i Njk*^«4S i H 

idie 2 3 a Hoxxif&mmi e d t<o«#tt^fRi±sits 

[0 13 7] **X?X^"ni, 
SftSSpl 1 - 2 2 6 8 7 6-g--etiB-<fcJ: 9 td. T> 

^iSV^/c^, CMP t*^7 !) iCtSntt^ BT A, 
^ 5 9 fig^ CMP »ac»^*«* t X n -fe ^ 4 1 
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[oi3 8] Lfc^ox, cl 0**^7 x^a^r^ 

«f bv<y rmnmtith. WtBWBHo^ y—=>^J8J: 
U'SiHM> S i Njft*S:»5r SbftS 
«<Jltt^|nI±S:lim-e#5o 1*13 4(4, jllBlr**'/? 

fjofcfip(0TDDB»ttS:*LT^5 0 CMP*#*3J: 

MiliTEOS (Tetraethoxysilane) ^5:ffit^y 

ry^^r^x^M^a^iitgtt, TDD 

B # A 2 «f IrI ±i" « r i 9! L fco 
[0 13 9] Sfc* H3 4l:tt, flMftlKR*^ #HJ& 

SiLK) ^«*SJxTV>5»^<Oj3*3J:-toJt««H4 
Sr, S i LK^J6tlE^4. 0 — 5. OMV/cml 
fflSOG (Spin On Glass) SM«3t 

7X-*mm<0&T*te s 13 — 0. 1 7 M V 

/cm, l 0^^BM^W+^<!:45i^^fc^ 
<D\z%t LT, ^^x^fcit/r^^T^X^fc 

[0 14 0] EI 3 5(4. ±1E<7)J: 9iClbT^7^Id^^ 
t^lfcCM I S-L S I <D— M^/Tttt^o «f 

-To 

[0141] igi/fi^Mi (Dmmtexmmt^y^ 

4Mmg^f:liO. 2 5 /xnie«-efc5o £fc, ^2 
■ Ei»M2^feJK5«B!j|»M5*-ett. BftKLfcCuE 

&MM3<D^m&'<v Tm<n&£te, mart o. 0 5 /t 

mig, ^»*W»<0J»*J4. «iJf 0. 3 5/imgl 
(40. 2 5 ^mggtfcSo *4Jiia»M4ioJ:V»5 

■Eil»M5 08MH4^yTBt^*S{4 % W^tio. 0 5 

£fc(4 0. 2 5 £fc, Jg6giSI&M6 

(4, CT^te^^^xVlSI, 7;u^^^§fcj;t>7^ 
^f>f{03iM^lltl^ 0 *fc, %7/fEtt 



4*, ^7ilia« (M7) fcr/us^frAi*:^*^ 
^ir<^«[JSJKTlllfiS;LTV^a*co loot LT, ^r<E> 

EI&M lt!2 A EMM 2 £ Sr»«t5 /KZ) 
Egte, #J*Lii0. 4 5//mlfl[Sfc(j:0. 25/img 
ff-CfcSo f£2JfIfiMM2 £$3/eEiKM3 tSr«ttr 

0. 2 5Mmg$tfo5, m3JfE*ftM3 <bSg4®Eil§l 

M4iS:*j|Jti-s^/u— /u^ESfi, 0»ix.tfo. 5 

14. 0 /imaiSfeliO. 2 

So 1 5 1EIM 5^86 IE1M 6 f: SrSMt^i 

5 /zmgare*>5o 

[oi4 2] &mM<Dj&mxmi<^fzCMP^m<o 

[0 14 3] 0 3 6(4. *H»^«tt-efflVNfcCMPS£ 

[0 14 4] I(?)CMPgi2 5(4, Jiia^fttt^ U T 
JR2 1 a*3±t/3E*tt:ffll2 2 a (DWfcKffi^Sflt**^ 

SSl4a«fttt?t5D-^25a, i«W2 2a 

2 1a ¥ffl<fci-*W«M«tt2 5 c , 0F«^J|» 

T 1 0*ffiicBS«*aaSrJ6i-g»tt«i3S8B 2 5 

d, Ktt«LS^T L^£« 1 Srm«ci^-r5*"COPfl. 

Lfcl * J: 5 Wtfittfc < SSI&Sffi 2 
5 e , RfHAltfKT LfcK* 1 
SSB 2 5 f J3±yaW»T LfcSffi 1 S:««tfcifcS 
nryo-^2 5gS:fitt^o 1^1312 5 

f (4, ±et^* d o % i &ft»aatn 2 5 f 

1 , ±iE«7c^S*ff ?«^*&S8P2 5 f 2*3±t/_hi5 

K«»srtT9*2«acH^aaffl2 5 f 2 ^titP5 e 
:<oftftiWai«f2 5f(±, CMPif 2 5^b5j'it 

TttStLfcaiti: LttS^o 

[0 14 5] HI 3 7lC^-f-<fc CMPgi2 5 (7}£ff 

B*&SSI5 2 5 b, 2 5cit ±(S^MaS*tfctt*2 6 
aSrtLTfcU, 2 6 a KB 9 tttt bixfc^te 

$4 2 6 b^±ffi^{w(4. ^e— ^ 2 6c icj:oTtE]eilZSb 

snawBfi (^7fy) 2 6 d^^«9Mtt^nr^ 

^fiW»IB«:*&— ^BA9ftltT»*Ufc«F»^y K2 6 e 

[0 14 6] *fc, C<^)IS^iffi2 5 b, 2 5 c (4, 
SKl fcfR^SfcA^J^N:** !i72 6 f &flt;tT 
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v^5o 9x/^t!)7 2 6 f Srft9W»tfce»*ll2 6 g 
[0147] mm 1 W\ ^^/^^r^ V T 2 6 f fcRtf b 

$n^ 0 ^/^tyr2 6f©TS«w±, ifiuJ 

ifc^$;h,5IIfl95 2 6 f l^«fiRStt-C*3 0, rcD[M]£&2 
[0 14 8] mm$L2 6 d(^)i*l:tt, K2 6 

[0149] r<DWB«iffiB82 5 b, 2 5 c (i, 

flfS^'y K2 6e(7)*IS:ffig (Ki/yVy^) "T^fc 
KU-yf2 6 i SrfitV^o CcoKU 
yf2 6 i te, fflg«2 6 d<75±^-e±T»i-^SE»tt 
2 6 j ©T«WH2:*5«-l1-fen, ^e-* (HiK*i*) K 
«t 9 0 te B tb $ H 6 ± 9 * o T v ^ o 

[0150] wm&t&T t/cSS 1 tt. BStt&SgB 2 5 

35 2 5 d tt, ±1E LfcflHS&SSB 2 5b, 25c <D*Sj& 

iffi^jf ^titw^ ^ y ^mts^tw^ shfc 

fft. «3]itf^/MI7/^u (BTA) /ctif^Kttffl 

[0151] K«««*«|»Tbfca!aRltt. ^oo*ffi^ 
H5o ttflt&SflS 2 5 e II, tSftfti*»TLft*«l 
l^£fc£><Ot><7)T% CT^Ltf^TK^^-— ;<—yv — Sit 

«ftft§»^4oti^c s»ii*E 

ffi«>i&*EiSa2 3 a(OJBftSr±9-Sfl||llc:gSlhi- 



[0152] 03811 -LIE* 1 , * 2 &%&«L9gE 2 
5f 1, 2 5 f 3 ^-Mt'S) 5 ^ ^ 7 ^fti^St 2 7* 
/Tltl^o ^t0^^^y^jf-ga2 7fct, ^^2 7 
a IwJ; oTEKilBtbSttS^T 1 — v^2 7 b 4riSx.T^ 

9, :o^7- >?2 7 bir{3:}$$nfc&4Ei /frSzMFffirt 

-v?2 7 b±T*HIKtSlffil^±TI^Il PMSie<D 
^7v/2 7 cj&sjf U#ttbH^5 <fc 5fc4ot^S. 

ot^5o ^7i/2 7cl:li ±E*i^«^E* 

(PVA) *<Dt5t£&fmm<D&lLKtoTMtiLZtl1t 

y?i/2 7 c^rt»^b*ffi (Sfiii^tts) to 
[01531 aesi bfc^^y 

tt\ *SKO±TBi:^7^2 7cS:jTLttlt £K 1 
S:7k 3 PiBrt»c|g(iS-fr4^e>, ^7'>27ctSfiiw 

05feiB^H^ fflitflmmif) EfltpJ: 5*E*-C 

2 0 r pmgft^ L, ^7'>2 7 c <D[s]ifteig*H #J;L 
tfUO.rpmSSttSo Z<D£?\-\sX. rJxfc<Dtif 

ra, mm i <nwm*?y *s 2 7 c -c* * 9 y^-rs ^ 

[01 54] El 3 9 H ±fS^ 9 > 27c ^Jt*^a0 

"CfcSo EI^oJ: 9 :^7->2 7co$i, 
fofe, S*l fc©«ftfcBD»CJ4, */h*H«»«>il!tt2 7 

c id«»f*^iiBi«**^T«fcRitbnT^*. coy 

7'>2 7ctt, «itfPVA<Z)J:5*^l*»/IBO#7LII 

f£x~mj&£tix\^ 0 *nm<Dmmx-\^ /7->2 7c 

(OtWbfiSSi^^ot^g2 7 c lWfti 
iw^< 4otl^o i-ftto*>, ^2 7c 1(1 ^7V 
2 7c^ti^t:^OMt) / >i<, W*8B"e*<^* 

[0 15 5] rcoj: 5 4^7^2 7 cSrttfflbfcf^ 
^7y2 7 cWf«^ftt61Sl<7)*«ll y 

7 >2 7 c fc<D«tt«Mnii*< 4 5o L^L-ta?KSB. 
*Sl ^»ftbi"5SSfi2 7 c 1 77y2 7c©W 

A. y7'>2 7ctSSltw»«I8lt SISl^ 1 * 3 
't»J:9fc«ia«o** s *#<4*« rtLi^J:«9. ^7 
•>27ct, S«l t^»*6i-SNFMxffiiBro«{i, £ 

m^^m2 3 a OSfficoBMx* (iyfy^l) 
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«=-e^jB 2 7 c i (omzmmit-rz itci^ 
^-ia^2 3 a ^sffioHunsw:, sis i <D£mT~m$t% 

25mmll £* 1 <Z>@lE*tt, M^lf22 
rpmgl ^7'>2 7c(OElll 1 Milf5 5mm| 

DfltrflE^-eatK 1 tffLSTfc. 
[0 15 7] SS^^i^bS^i-CSrl 0^#U 

& 1 2 0 r pm<D»g\ glte^Sii^ii. **<0*i>« 
^bl, 1 , 2 , 3 , 3 , 4 , 5, 6 , 7 , 8 OfS!) "Tr 

fiOftigfttt, SS^K^^a, 3, 8, 8, 8, 
8, 8, 8, 8, 8 U@) T^foofCo 
[0 15 8] ^7'>2 7 c 4:36*1 fcjftS»tti-*«fWx 

^ot^2 7 c l(7)Eg^I«#<t^ (Sfctt 
^7v/2 7 c<7>W*ffl^b"t>^SBIC|6l^5«CflEoT^jB 
2 7c l^ESSr»C»l^hS<"rS) ^7^27c 
^:X* 1 &4>ttttB6fl»'X« 1 *>*.k»fciE<5< IS if* 
S<*9, »*10»ia»^iE<5<*a45*#<4«J:5 
fc, 2!&2 7 c 1 fl*4 4ffc*3E-f-* 

[0 15 9] *fc, 7^7^2 7 0 £S*1 4r<75gHttffiW 
^*i^ia^b^'i>aic:f6]^5^oT/h§<-r 
5±E¥Sl:ftit, &*1 o*ffilrJf Uf*»t5y9 > 

2 7c <D&t)imfoi<Dmmnfrb*'bmz[i5\fr5\zft: 

1 t ottMsar^ oaHfesor^x* 1 a^ffi-etsarisi d 

[0 16 0] i«10*Il:»UWt5^7'>2 7 q <D 
to^:fot^S2 7 c 1 <7)iS££<g;< Lfc«9. ^ 

>2 7 c <Dii:^£/jN£ < LfcOi-ntffii\ 

[0 16 1] SfcSSHtetfc/y^v'iateRwtt: (U 

2 7c ^^^[5tMffig|5<h-e^; : Ec02 7 c 1 <D|fc£^;i 

/BJfc=l. 2£A±, 7^^^Sftilgitij:, w/B 
it=2. 0K±^CMP«ft*ic*l^T*a4ifc»*«= 

[0 16 2] fc*s, W±<7}£ 54cMPSft»l:BLt 



PJ#e>^<tS4#iS2 000-17676 9-^{-fS«c^^ 

[0163] ±R«*»«ta-ett; a— /ua*}***^ 
-o^ 0 i4o (a) te¥®[2h (b) \tt<ommmx 

hho SSl^±Tffit- I PffiR^c0x^^^^y^2 
8 £IfigLfc#tfg-C% lfil*5j;OT^^^7'7'>2 8 

*fc, EI4 1 »'<>aft»*a;o- #!£^L-C^5o m 
4 1 (a) ttspffiH. (b) tt-tOBfBBHSr*b-Ct^ 

v-2 9S:EBbfciKJB-e««i fcTkTffirtfcHKS** 
^^y7'>2 9SriHlE*3j:V»«iSi3:'CX*l tf>£ 

i/2 8fcitf^yy7v'2 9 0y7v/»K»t ±IEL 
[0164] ±fB«ifeiM&«J&s«*T L/cS* 1 tt, £6* 

[0165] 4*5, W«S«8^»T LfcS* 1 <^it®Ji£ 

•feRCfcftosarfflaiB (**«•») 2 5ee* 

l»25e «r»36«iS»c-t-*fcW:, *ttWfctt«flHf 

tc»^L< HI 0 O/i-^^^T^t^o 
[0166] £7t, «FS«La^X%. 

r <7}4§-g\ ^F^^^Wf5 2 5 b, 25c ir*3l ^T?Jf^^^ 
Xio&tlXV^ K7^^gtT^n-^2 5 gt^ljX^^ 
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So 

[0 16 7] 3ck, Ji|Ell«a**b*-r!x^ilo»j*» 

[ 0 1 6 8 ] m 4 2 X 9 XvMlgf 3 0 <z>-~m& 
^IstzWtmm (a) *3±WffiH (b) -C*5 0 4*3, 

IH¥ 11-226876 ^KE*£jh/r^« 0 

[0 16 9] C^yyXVMgf 3 0 t LTIL Mx_ 
tf AMATttfiP 5 0 0 0 iffiffi UTV^o ^7X^ 
lgf3 0i:|j:, n-KBy^i30al:2o(^i6Ii 
30bl, 30b2 hlttv K^7i>f730c^ 
®9#*tbttTV^o o-Koy^!3 0artl:ttSfi 

30atfelt30bl, 3 0 b 2 ir^W^fi, 
l:tn-Kn^i30a rt0)«$«*#ftt 5 ± 5 
icy— h/^3 0 e SrWl-So 

[01 70] &L51^ 30bl, 30b2 F*3UU**R 1 £r 
&m-rZ>V±7* 3 0 f , #*8tt£:»;t5^y "7^*63 
0g, f"t:X^3 0 f Sr3t«f-fS3t«f»tt3 0h, 

3 0 f K:*HR]LTEB£*t5^ y->A:R<Z>««3 0 
i , /<>>7yui3 0 gKfS«3^|RlLTEB3ftfcJftl^ 
3 0 j Sr#-T5o *6»fi3 0 j te^-feX* 3 0 f <tm® 
3 0 i 0««^(D^^4flB«T^*^*fe»IWi-5 
«UfldS*>5 0 ^i?X* 3 0 f OfiffiflWtcttKSt^-s/ h 
3 0 krtfcRtShfc?^3 0m#Efi£ft, 7 >-X 
3 Om£^L7t^y£3 0 nj&S^3&S3 p 3ri!i§LT1^ 

t^"3 o f fei(;sfi i iciJtSft^o :ma ^s 
*i^*D»*nso 4*5, mmi&y-±y*3 o f itc 

[0171] »li30bl, 3 0b2W(7)W^ 

>^>a^tffi3 0 i SriiiaLT*Sl©iSfl?K:fltjie 
£*v£ 0 »l#7tJ)taf"7x*-/uK3 0 r^e>*HJS 

^±9EE**s*j»sna 0 3 o i iztn 

A0£ft. iJ-feX* 3 0 f £fl;*13 0 i tcomx^y ^ 
S:^^i-5 0 ffiJHffitt*J2fc£;Uil 3. 56MHz(D 

[0 1 7 2] 4&S^3 0 b 1 -CM:, 0fl*Ji-bi5zk3liX7 

i S:9]^ x-7 jiaii-efif o t fc 6 v Sfc, 

I3 0b2t1i, iffi^ty^Bi (a-ftv^y =>B() <E> 
*6fll*sfifbn5o 4&S^3 0 b l t^S^3 0 b 2 ite 
a- Kn y?m$ 0 a Sr^L-C««ttte*D6$n"CV^« 



»«©fftfc*2BK«1-« d t ft < 1 3 0b 

2{d«SiJ|-r^- i^-C#, lE^^XVMI («««) 

[0 17 3] ^7XvM l:KLTH #J;L 

Ji#ctf>«fc5U:i-?>o *tyh>f>#7i>f^30c^5) 
SSl^njRs/ h30dl:±9n-Kny^S30alr 
J8A£ft5 0 b - Kb y 0 a 8r+»4«Ettll8IC 

4S*-CJtffi#«U B7j(7h3 0d$:ffl^t«ill3 
Obi CSSl *»fiH-*o »IS3 0 b l coy— 

/^3 0e £K £, I&mm 3 0 b 1 rtd5+^4Jtffl*Jr 
454t*«tfcS, £Q«^3 0 b 1 \Z7km#*^tcte 

«t£rrs 0 w«jfi«jB^e>««3 o i»c«iiL 

StEPADU 5^-S«lO*ffi£X7X^&3"t- 
#Jt1-*o &il3 0blrtSrl2MU y 

- h/^7'3 0 e&HH^Tntffy h 3 0 dl:±9S«l 
Srp-Koy^S3 0ai:«tBt4 0 4*5, o-Kny 
^*3 0 att*Kffitt»fc«»*ixTV^fc«>, &«1 

[0l7 4]»v^ *^yXK^»*lwBIUTtt, 09 
xtfftO±5m o *1\ nsRy h 3 0 dSrflH^C* 
« 1 Sr&LS^ 3 0 b 2 IdJS^-T^o 3 0 b 2 (D^ 

- h'^X 3 0 e ~km ^11 3 0 b 2 1*1 #+5*4* 
SflEK45i-e»*Lfc«, ^H3 0b2^^7> ' 

(s iH4 ) , tv^^t, a*^«^^*:*A 

*««««*»5)tt3 0 i lc«#&BWlDLTX9X^«: 

±E^t77 p Kffi©|ft»Kl9b (03 3# 
US) £r*£«+3o m*«FMo«iaa*i«»«»SrflEJl:U 
X^X^Sr^Jh-r^o ^rO*. M£3 0b2rt^ 
#I^U h^/uX3 0 e SrBBv^TnsKy h 3 0 s t: 
«t9*«lS:n— Kny^fi3 0atcKIRUJ-r5 o £ <b 
(c, otK-/ h 3 0 d Srffli>TX?ir y h>f y^7x^f ;* 3 

o C ^s«i %$m-rz> 0 

[oi7 5] (mm<Dnm2) *mm<ommz^x 

[0 1 7 6] 14 3li, ^W7P-i^Tltl^ 0 r 

r-cf±. cMPMt (xsio4) , ±mmjt%±m%: 

(1810 6) , -tco?£. T^u* (1110 

5) , mmft (in o 7) (o«-c«*j*tta*r«5» 

PftftilMtBlflt^M^ftbnSo w<D»&. CM 
[0 17 7] ^/i, H44(j:, fti!CD0iJ<7} 7 n — U 

SrtTofcff*fCfcTDDB»tt^eklH-5 0 rUtt, X 
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t>ftZ> 0 Z<Dm^h, CMP*fKca5£j&a*fB*rK»t* 
[0 17 8] (|Gtt(0»tt3) *Wt©»*IC*SV^-C 
[0179] HI 4 3f4, ^<D^n— (aco— §!5^^LTV^ 

/T^nn^o -tixK^tt, ffttzMMcoi&M i , 2irisl 
£\ EMfi«tttneiHKo»tt l , 2 ± <9 t<ST 

[0180] mm<offl&4) *mM<DMm\z*s\,^x 

[0181] 1214 7 14, ^7o- E]CQ — SBSr^LT^ 

s 0 r^-ei4. ftjfttoa (Hi 0 8) <psl zkStx^ 
x-^&a (in 09) cottrt^. zK*r=— ^*o.a (i 
g2 0 0) Srff 3*&^«*S*b-Ct^a 0 i-fcfr^ & 
*#ys (Hi 0 8), tK*t^-^«i« (ig2 o 
o) , TksttT^x^fcys (igi0 9) , r^ry 

7X^fti (Igl 10), ^rty^BMi (IS 
ill) coilS^*n.SSrtT5«-&^0y^$4xTV^o 
[0 18 2] Sfc, HI 4 8KJ4, H!4 7o«jaa^iRrtF 

(112 0 0) s 7^x7/7X7 (ISl 1 
0) , TkfSf^X^ (IS10 9) *«lw*T5*&d*01 

[0 18 3] Sbfc, 04 9i:it jYMT^—j^ (II 
2 0 0) W^lTT^xT^yXv (111 

1 0) cd^£^5#^M^£*xtv^ 0 * 

^T^-/U (112 0 0) , 7^7X7X7 (II 

110), +ty^lW*jW (Hi 1 1) SrW^fT 

[0 18 4] V >-fniC*5t ^ fcTK^T ~ — /^C03Mt£ L 
Tf4, timUBtte* i^f2 0 0-4 7 5t, $fSL< 

Ii3 0 0tl6, *a«WPBBtt, Wlaitfo. 5-5£\ » 
[0 18 5] r^*8fett. mcffi»i&*E*MJ<75«a>*> 

7jc*T=— yMfiS (112 0 0) £-$£1"^ ti^X 9 , * 

9 b) sr*n«i-si, mmt}^x<>x^^yym(omm 

£9, -t*L«r»»J*fcttlSihi-5r.i:^-e*5. 



[0 18 6] #*3. WIB|tll60«lli3<oa»fflrBRL-C 
7kiS^9X^JoJ;t/r^^TX7X^«iSS:ff 
^<tI/*HlSO^ffi4C0^gf± N 15 0^1511^ 

**-e#5. EI5 0J4. CMPt^iLTT;^ U & 
(111 0 5) *3j:Vftft}#- (111 0 7) ^JUItcn 
15 111 CMP^^ir^LT^gfc^ (II 
10 7) <a*«rfr5»£ri s , -tix^ixM^SixTV^So 

[0187] mm<Dmm 5 ) ^njs^jgiBo**** 

«SKK«offlJS*«feSrH 5 2 6 1 £ o tKflt 

[0 18 8] B5 2I1 M*±/ft££i-*«fei&*EM 
<Z>^*Jc:fflV>4CMP*«^««^— 

[0 18 9] CMPi£§3 114. W**!. 

S|f|S3 1 a ktO««^»ltbtbfc**»«3 lb^ 
*LTV>5 0 «F«*&SSB3 1 afctt. 1 COW^^S 
SrfT 9 2 i?<D£St (?g 1 3£«| 31cl, |? 2 3 1c 
2) , i*M*»feofcSfil iTHi^L/^©* 

flff^»Atta*ri*i-^ • >3 u,s 

ffi 1 «r n — 3 1 e N ^ 1 3 1 c 1 , % 2 j£» 3 1 
c2, ^l)-y^r-y3>31d, 7>p-t v 3 1 

f rat-»ftS-fr5Eiter-A3 i gfti?asR«£jh/ri^ 

[0 19 0] WS4&SSB3 1 a Ofta^tt^MtifcjfrdSI* 

^RttbttTV^o ^<7ni£9$3 1 bKf4, n-^3 1 
h , % 1 ifefrSB 31 i 1, 12 #cfrg|S 31 i2, ^tV 

K^-fir3 l j . 7yp-y3 l kfcifasiJKSfvcv^ 

Six. rtgjS^i 8 OA-^;*. fiFSL<lll 0 0/^7^ 

n*&<0pfll (+(BB) l-»«ta?ixfcCuEj|»^*ffi^fe 

[0191] H5 3 (r^^J: 9 Sl£l3 1 c 1 
14, ^coTSB^S9»tbixfcffitb«l«3 1 nicJ:oT7k^ 

ffirt-c{Hiteiiiii[j"r ; 5o ^fc. sist3 1 c i <d±sic 

-^K*)WttMLfcIi^y K3 1 p*a9ttltb 

n-ct^o sigi3 i c i (n±_jjiz\z., mmmm3 1 

qlcJioTiTlbisJitfTkspffirt^EMtelBih-t-i ^^^^ 

/n^t^ ^731 rCOTffiSB^RJt^nfc^^/N^Y^^ 
3 1 s*5t(J«!lf- 7-y >^ 3 1 t CJ:oT, ^co±® 
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gg'<y K3 l pJdJTU^tbixSo Wli^y K3lpO 
« ffi i: X* l t oBl:ii^ 7 J ttfetf 3 l u 

^3 1 c i^±*ic», i^a««3 1 viaotiTa 

ixTl^o KUyf3 1 wOTSSlill^Vt^y Ktfc 

31c2ll 2*<7)^7!)il&f 3 1u, 3 1 u^RJt 

[0 19 2] ±ISCMP^B3 1 »otati^^ 
-T5a»5i*Eil»Sr«*-*-*Ktt, n-^3 1etClRS 
^tlfcSftl £[n]if£T-A 3 1 g^oTi«M3 
1 a iwffiAi-^)o r <nmU 1 «\ MTIBBI 2 3 25"C 

f, 05 4tc^-TJ: 9t-, StEl«raKl5£»3 1 c lO 

(®S7yHt*«««fl) (fgi^^ycocM 

P) Srffi\ ifti5ffi*fM* 2 0 a (DftM<omi>*btZ*3Em 

[0193] i:tiS7 y— fb¥«ttw«i:tt\ r/u 

> !i *^t^*&*^b^^i£3e^$**^0. 5 
%fiSi^Tco«JF^ffi (77y) Srttffl Ufc^t*»«W* 

fii%^t)^^K, 0. 0 5li%WT^5 
VM10. 0 l£fi^/oJ^T<^fc^te£^K#£ LV\ 
[0 19 4] 4fc. Iliittlj:, »<7>JB*«^JRf 

*t^<y7R2 1 al^t^±«M2 2 a<^«F«S 

a*-c#. Lts, ^>s£. ^u^wt. ?-*fv 

So *MS^«(»-ett, 0iJ*.tf*fi7KJc5* 
«%<0«BMfc**i: 0. 0 3ii%w^yg?^j)D 
x., *£&<^WS£0. 0ltt%*W:LfciiiSS: 

[0195] ±ISW^^Tib^#«W^^tT o t % S-f 



«SflB^*^3W»-J:o"C*fkSn, *Efc*v*ftfW** 
SiriEK'ILJl^XSfRtJSoTgaib, ±Eftffc:Jf<7> 

#<C<!f*c«t5 0*1#IS¥9 -2 9 9 9 3 7 4§-*5 J: tM#K 
?1 0-3 1 7 2 3 3-S-«w|¥b<I5*$nTV^o 

[0196] W*<Oft#tt, ITM= 2 5 0 g 

/cm 2 , ^x/N^t U TE^Ifc^ 3 Orpm „ ^ttEIte!R = 
2 5rpm , ^7 !) Sftl: = 1 5 0cc/min£ U WM'<y K 
M\ Tlefflox— MRodel) tt^SK^y K ( I C 1 4 0 
0) £{£ffli-3 0 W«*>»jfttt, i««2 2a«i 
JtitT^i«tt^yrl2 1 a^»fflUfcl»j*i: 
U »*^ttaUi. W*#***±»*K2 2 a^b«l 
tt'<yr*2 1 a ^<cofci:#^*ft-t-5^«*fcH:^ 
y r h^^«»5MC«r*aii"6 r. i: K J: 

[0197] 055 fc*-f J: 9 ±&<omffi.-7 D 

W#K2 2 a tt»4mfe**iXTTJiO**tt^yT«l2 
la^8Hit5^ 05 6 (a) , (b) tiffin 

n5C, TMlCga 1X4 Dfc*lt4/< y 7g 2 
1 acorns (&iWX'7f;-t) ttX\zi±* :o»itli*4 

U#ft4a>ofc£IWWB2 2 a 

[0198] sttflt 20a o^g^^mtt^^ y r 

|21a i:-€:^±a5trS9f«)Jw»ofc£««:«2 2 a £ 
LfcJBl*»3 1 c I^bl2^l3 lc2i:^U ® 

©»*A»fe*5ift«[^***S0. 5ti%±9t>#^ 

0. 0 3ii%^)^xy^j:ao. 5S*%^5g^^r 

t£\<\ Z<DWmm&. «rE<0^9y«j»*3 1 uSriiC 
Tl2a3 1 c 2<7)W^^;/ K3 1 pl:»jf&Six5o 
[0 19 9] *fc % c<?5*ffite<t:¥«l«W«icfc^-c 
14, «H4^yrl2 1 aO±BB^«Sfttfc«ofc3£W 
^2 2 a 0»*Jw3l*|ftV E»flt 2 0 a O^CO 

*«4'<yrBt2i a***i-a« »«tt/<«> 

7|2 1a fc#1-S£i*fl«2 2 a <OW«»^H:^WIE 
51^lt3KT<0*fl=-CWBS:m\ E«»2 0 a (DfaU 
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oii|M2 2 a<o*ffi^W«Six-B^S:»*Ji-5o 

[0 2 0 0] flF*o*fl=fit, -«i ltSi= 1 2 0 g 
/cm 2 , r^^ar-^ y T[Htefft = 3 Orpm . j£^[h]^#: = 
2 5rpm % *y D titLM= 1 5 Occ/min<b U iB^y K 
fit* n^-yutt(D I C 1 4 0 0 £f£/S-r>5 0 9FaW±3l 
1)4/^712 1 a (DBBStBMS^i: U ffl«tf>»£fit, 

[0 2 0 1 ] 057 tc^-r <fc 5 ic* ±E^#«*frft¥« 
mwmttfro r fciri 9. EM«2 0 a <&*S*M*«tt 
/^712 1 a tt»if»*$n-CTJi^ilftWI)tl 6 d # 
fttfcB-f"5^V EJ5 8 (a) , (b) KfefccbT^-f <fc 5 

»«tt/<yT«t2 1 a*S«#i"4. 
[0 2 0 2] ^Ctr, EM»2 0 a OrtttO£*(M*2 2 
a<7>WIiS:^IIB*IS0«iiWUoo, EiK2 0 a co^S 

^*fi««i 6 d±KjijBfWfc«ofc*»nt^yriii2 1 

afc»*^*fcft^»R^kq^W*Waf (*3^^y^ 
122 a»^»i-*W«tt/<yr«2 1 a <Z?BF«3B«Jt^ 

'>4<it5K±ift5*#-eff5. Sfc* r (Dit^m 
±SMM(2 2 a (Pra^Kctti-SftfURi 
6 d <DW«iat«<Oifc36S 1 J: 9 t>*# < *«*fl=-eff 5« 
[0 2 0 3] ±E»JRttfc^#W««rfT 5 fcfit, 

fcfc«>S:ttflH-* 0 K*JBitt, i«M2 2a0)Xi 

Rftih*fcf4»«J"f SIK»I*VH\ h SI 7V— ^ 

(BTA) , BTA*^#V84if©BTARi*, K 

yuft t'tmm £*x5 i>K »l:BTA Lfc4§^«r£ 

[0 2 0 4] Kft*]iLTBTAS:ttfflt5tl^ ^ 
fiSli^7!)«:{)j:^^ ilflmo. 001-1 
Sfi%, i^SfSKfio. oi-ilt% £b^£r 

£L<i;fcO. l-lti% (3 SB) *>}S*DT-+#fc8S 

2 * x y ^*^ft*ii«w*-e«ffl ufcwe ttfcss 

A»litto. ili%OBTA«rfi^LfctoS:ttffl 
y^BL y * * * y :ti^^r^^^s^ 

fcfit^u>v?TS ^GSftK (EDTA) ftifSri&SEK 

ftirt-<tS4#IB¥l 0-2 0 9 8 5 7^-, #H^F9-2 
9 9 9 3 7-§-*5<fctf«NH¥l 0-3 1 7 2 3 3 L 



[0 2 0 5] dOffl«6?Wt¥«*W« (#3*^*:^ 
CMP) fit, WtE<7>*»fcift*««flW (»2^^ 
(DCMP) *M*TLfc«, §l#jtt^TH5 2— H5 4^ 
/Tlf:CMPgf^S2tl3 1 c 2©±-CffJ?n5 a 
UfcflF«f«l4, »TKo;*9 JJflHMfS 1 u 
MCtTO^y K3 1 pO*B5fc***ix5 0 9Flg<D 
— mt UTWa= 12 0 g/cm\ frj.^*-* y 
T[n]^ifc= 3 Orpm x ^SiHlfef = 2 5rpm % ^ 5 ]) Sft 
fi= 1 9 0cc/min£-?-5o 

[0 2 0 6] 05 9t5it;a6O (a) x (b) 

EMM 2 0a O^SKaaMttt^ ^71213 ^i-^r » 

mmm2 0 a ^rtffl»ca«>ii*EM2 3 atm 

[0 2 0 7] *Itf>iA^EI£ 23a (DJ&J&tfftT LfcJhfE 

feft 9 y Ltv^o 

i5 2tr^-T^ y — > • i> 3 ^31 d l^ioV^TB 

TASr^tfM*-eS«l *r«*i-5. r?)cb#, 

\z 8 0 0 k H z W±(J0i*5iSftSibSriDx. : CS« 1 £>^ffi 

*»^«»ufctt«ii-ew»«a»3 i a^e>«sfej*ffl3 

1 btcJRiUL. »l«ci^8B3 1 i li-i3V^T0. Ill 
%<7)NH4 OH^tpffiM^^fc^^yy^if^ 
ffV\ UtV^-C«2ifc*ffl3 1 i 2^*3V^T*B7kS:«V^ 

fit, ifc»4>(0»[ 1 ©*BK**IWtt5 1 1 tlBH I 
Til^i^^Id0 2 3 a ^«*dS«±-f"*<OS:WCfc*. 

[0 2 0 8] ±E^^7^i5fei^ i^TLfcS 

«i«t, ^tr^K9>r-^3 l j tWiSftfcft, ^:x^ 
^JftiH^tt'So *<0»<oxefitnflE*16<o»l»l fcBI« 
T-fcS« i6 1(t ±i&b^cii^i^^ia**2 3 a^J* 

fit. H tEiaft<o»tti'-4^##«fciBc-e*>5. 
[0 2 0 9] *H*<o»«^ iixfif. ffirEHSfi^^ffi l 

(Dm^X V $ bl:TDDB#AS:lRl±t-S5c BI6 2« 
*Hl^fl^^)TDDBi#^Uc^77T^ 
5 0 60 ^ fig (D (D^-?te7 4 ^E^^l^X^ 

So Mlil (7^f>Re f) fc*«tt<0 

A) SrlRlNFtw^UTt^o ft*. T^^T^XV^ 

ft X- 1> 7 4 > F iz^-r i 0 \Z T D D B *H4*sefc»i- S o 
^60 J: 5 l:l&7il-^I^TDDB#A^±t5 

b*Z7LhhZ)o #«EttO*fi\ ^7yi:{t2-3MmO 
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u ssa^y — <Dm&\z&*7 y »c®Ktas^£fLi\ fo 

[0 2 10] (Hifeoff^6) #H*<D»HBfc::tev*-C 

as (0 2 2cox^i 0 7) izmi-x, mmt Lxstjie 

SrJSV^i. ~;tx«*Mi, MrlEH)6<o«« 1 — 5 ilUCX 

[0211] z<dx ?\zmm®tvt&*^^z>^t\-£ 

^"Ct2>o ^Ht:«J;«!)TDDB^S:(fi]±t^§o 0 6 

— fte^'OU, HF^SrigfflLfc^— ^Ii7>f > I 
XvtITV^o #%<7}fc#>, ftiS&L (7^>Re f) 
^tfrlEHJfi^ffil^'r-^ (v-f>A) «rlffll#U:*L 

#X#S. 

[0212] (MM(Dmm 7)064 —0 6 6 (1. 

^L/c^ffi0*3j:tJ 5 if®0Xfe5o 06 4-0 6 6X11 
EHffi<0**LXi^.&. 
[0213] 064 {Z^irX 5 fitfieHSSO^fS 1 £ 

1 9 bSrffMbfcm, *-0>-h»^ Sftv'^ylR^b 
ft4ffiW«*Oi|6|»l|Jtl 6 e fc±t/T EOS 

icffl v 9 x-^ c v omz x K> m& vitmt^ y ^ 
[0 2i4] i&mmm<nmmm i e eii, 

/Hr^^^-^r-y-V (Hydrogen Si lsesquioxane) SrJ^Jf4i: 
tSMiSSOGi, fh77/U=i^yy7y(tetra a 
lkoxy silane) + TA-^r A'TA' 3r v"> 7 V (alky 1 alk 
oxy silane) SrJjRWfci" S*«3R S OGBti^ofcJfc* 
S»6»BI-*\ ^7X-7 C V DSt««t 5 7 D D 

y -^HBSft i:\ (e) tf>3. OJWTO^k 

m<omt ^^m^m^ztizx^ xeimb*** 

[0 2 15] Jkid, 06 5 (a) l-^i"J: 9 — > 
X\ 06 5 (b) 5 t-, JX/i'— /U3 3 SrM 



^t^y^^^Srffl^^o ^I5X {&0t«£p<oi6!ME 
16eli XB4MBftOHft&Sr3TU S i -OH^^r 

^x77 P 7X^l^^yU-^-/U3 3rtffi(£>*ft»Kl 

i -o-Nifr&iziEfcSfts. 

[0 2 16] 0 6 6 tC^T J; * — yu 

f#yifiRt*^«»«i 6 et<ojH*afSh» 
*tt^ s !^±-t"5o 5 i^/^^-;^co77^ 

ASM:. BMil: ti«"C* 5 1 i 14 1 fe%^*5. 
[0217] *fc, Tv^^TX7X^teS^ft;tX7k 

*j£uxtfiv\ znizxv^ z bottom* & ±zitz> 

[0 2 18] ft jo, .xyu—* — yU3 3 BH P S 7 ;j- h 
*/U— 3i£a50Oiii6iA^Ba^2 3 a C0^®^®? 
t LX, 1-16 9 1 2Hr&m\ZKML<D 

[0 2 19] (HJ£co^flg8) _kfac7>£5lc. SHEit*<£> 
fcfbXi^Sa** E»o|»«B<t:i-»nx, E 
5rt«cJ:9Elfc««t3»«lt*0-t-*j|**, EiWWWfcUX 

[0 2 2 0] ^rX\ «H^J£»mftl-o 

tt, 8ilEbfc«t 5 ^a»S«l:o^t*K»i^ * 
^XA^rW^X^!±iL7 , c 0 06 7il ttlfS#ac7P^®M 
^ (7^^777X^1, tK^X^X^^S. 7k^ 

fflE»^yy3>^*iSr*bfc^77"e*5o ft 
is, ^^*«Eis*r4, iftmmMm (t i (/<yr 

K) ^r^tr) ^»ritxa, ttllSgt^Xg (515c*aaSr^ 

*ftt^) . ftftE*a<^*ffi*a«xe (#*a^X7x-7 

^Sl^^) . WE*^y^*^>»fiRxa*5itWWEJiBI 
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[0 2 2 1 ] #^<03t®&31C:fctf 5S^> V Ktt, 

KJfcR IT, SEffi^<OStffi£f§ (d = 10-60nml 
A) tSXTfftn (d = 90-300nmg® l^tfS 

s i <D^m^^\ mw&&^te\,^xMtbx^ 

[0 2 2 21 -*, r^lfifjSCfcitsr^^r/ 
^x^s^*^X^X^ei;i:^Tte, 7kmr~— 

ffi5E»*3 «fc ttrtgB 3 •> y = y<^$ti*'> ft V \ 
15122 1 tw^L/cJ: ?C TDDBWfiff-Cfco 

/t 0 rco<fc9^TiNflR (iftt^yrl) 

[ 0 2 2 3] Z<DX 5 4«f LV\R»a>fc**W#fett:. 
ttCu^lt^:^ («0*B«Sr±«f5^i:) . MIS 

rt, fc«v^r*rttbiiwrECMP«a*fc»4j^iaa 

nm*?SiC«< LTt, fcSl^tt, /< JJ T Kg < 

COT D D B^Mfr£rfp]JbcFi£3 ^ i: #-T?# ^r<h £#]tf>T 

[0 2 2 4] w^T% 06 8 IClfilSffitrL (T i N • x n 
m/T i N • 5 0 nmit) i Nl (/<!/7g) J¥<D 

ft#ttSr^i- 0 KHtt, EittHa*. WtlfO. 4/img 

4/ima*Ojt»*«C»UT, EMSftOftHIK^Stt 
fit (fUMt) 4:Sr*LT^6. ft:fe\ T i Ni^gf 
tt, E»«<7)J£aottJ5i1-S 0 
[0 2 2 5] r 68^b, T i NJUI (/< JJ TBI) CO 

NOBff^, 5 0nm(O»^©E«jfiKttt:ISU, Ti 
N«!^«SV^*fr«:, EIM^O. 4/imlil©i*"ei 
9 %, EMM** 1 . 0 At miS^t 1 5 %S«, id 

OnmgS^t't, E»0. 4 M mgj^i* 



"C 1 6 %, EAMI*S i.Om m*I«<D^-C 1 2 %g 

[0 2 2 6] ^/c, @69C, #BIE;|g£a a— ;* 

y > ^ftC £ otM Lfc*^i::*5 6 T D D B 
#t4coT i NUttflFteS:*-*-. i N«<E>BIJ? 

^10-50 nm^ft(DTDDB4#tt{ifttJi!!LTV>^cO 

OW^TDDBWtttt. TiNl^l0-5 0nrag 
Scot DD Battle: Jt-<T, ft5dS*r#J*B 
0. 2MV/cm, 110t, 10¥=3X 

[0 2 2 7] ^fc, 0 7 Old, T i N«^«lV^»^jo± 
(/T i N«W>»S#1 OnmiST'Ml^l^lt 

a <Dm&&\z&\irzi&mm<DGmiz <t z> r d d b * 

4 0 0°C, 3 ffi(DSteIT*T D D B ^^Mk t * ^ 

T i NBf^ifc^, -ttet>h, «o*-eEHS:«l 
i^Tte, *«9i#fefc:J:S»li2 000-104015 

[0 2 2 8] *i6it^»»co#an*«aiiiKas« 

(OE««aro*#«trH7ilc*t. H7if4, 

Sff, (b) iifa7/^>i/ySiaoti^^fc® 

[0 2 2 9] #io, 0 7 1 IC^l^T. f?Hrl 6 g, 16 

tiit#nfrt>te*> * \ 6 h, i6jtt, »gi 6 
b tm^mPtfrbtebo *fc, urn (b) ic^-m. 
*fe»jK i6c, 1 6 d 1 JtEi&M 1 <n±m— a*$b 

[0 2 3 0] Ej»<^ffi (E»»2 0 a <D(§) jo<tag|1S 

EMUIDRR (BI»EI»OSVMr»mi-««ffi^fe«ffi*-C 

(DSggt) tt. 0iJx(^O. 4/imEJLT"C*>* 0 

tmtt Iti^ EMW^ «fc aWttEl* WMItt , &l x- tf 

0. 2 5^m]^T> fe^tM^O. 2 m mi^T<7>iailft^it 

[0 2 3 1 ] iitt/<H7l2 1 a M 

ttflOnm**, ffiL<li6-7nmSS-efcS 0 

**JEo?gfigtcioV>T(i, ^(O^Jf:^, Witf5nmEJl 

*^2 nmgti Ut)TDDB#MfS]±$^:i: 
*S-C#fc 0 nttJfttt^J T«2 1 a(DmZ&. 
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itlt WSfibfc±5^Ei»HPa (E*fc»2 0a*fc 
tt^/U— * — /U-3 5) 1 aCOmiW- 

5o -t L~C, £<bic. -?r(E>*g^ 0Rtf&cc>2iI9£> 

J8«Mi«:$tri Kfc^T, TJK2 1 a^S*t> 

*^«#<0ff£#, ±ffl«S (MitflOnmm ff 
^Kli6-7nmga, 5nmHT> 3nm6iT, * 
ten 2 nmit) -Cfc5 0 ffi^lofi ga^^Pg|5rt<0 

6-7nragl 5 n mETF\ 3nm^T, Sfttt2n 
rag*) -efcio 
[0 2 3 2 J ±m<D£?\zm£ 1 0 nm*lW, ««tt 

2 1a 0^5. JfeStJR 16b, 16c, 16d, 16 
g, 1 6hi©**tt*«*±9t>ft^^-e, CMP^ 
Sl$l£±ilttMK2 2 a#«Ki-50*:»iht**5 0 * 
fc* 5g«tt^yrJK2 1 a SrB»t*v^<fr& (tta%tt<0 
«1fi-CRW) ^Jt^-CEikiffigittiffi-Sfcow. ATM 

S21a S:K«t4l^»^^lfc^TTDDBl«4S:lPl±* 

<i*VMaVS\ ±«*^2 2 a OjftlKMPiwM^iBjntK 2 0 

»«tt^yriBS2 i a -et>>f d-^tufc«^» 

[0 2 3 3] *fc, *8M«BI^«K^<oj«^^»Ktt. 
0. 8a torai c°/o)^Hf:ii0. 2atomic% 

«^fia»<0»fl[S:, «x.tf0. 08atoraic%K 
T\ *fcfi, -^ftJ; 9 fcfSt^O. 0 5 a t om i c %J£A 
T> fcS^te^ErixJ: !9 tSft>i:fiv>0. 02 a torn i 



<fc5±5 4*»-e5>*U'CV^5i:%x.e>ii5. -to SHE* 
^^tLtlt fi^tfv-y ftlt <«fc» 

[0 2 3 4] 4 *5, JimiftWIt^ff^ tt»1 1 6 

[0235] w:, z(dx o^^^v^y^r^^m^x 

Xtm-tZo **3, 07 2~l§]7 6<7)&*CD (a) J*, 

(b) tt&EI (a) <Z)A-AlftOWffiEI&^LTl>5o 
*fc, 07 2-E17 5CO (a) ttspffiH"efc536^ 
ft < -r5fcft*w&«Ht«^Ny^^^Srf+-ro 

[0 2 3 6] Si", EI 7 2^^-TJ: 3i-> E^f»2 0a 
S:»*i-6. Ei»»2 0 a(DJEffi^5>W:^7^l 8<75± 
BdSpfffiUrv^fio $cV^T. HI 7 3(r^i*J: 9t-, M*. 

(Ta) J^fe J! TJSI2 1 a Sr. 

01*1*3 0 nragS^KSt^^^ y 
£oT*«i-3o r<7>iJ§i. EM2 0 a <0«ffifflU:W:, 

*fc«iMB9r-c. Sfctt, *fcj»ir*«jJr-C, 0j*-tf l o 

(T i N) ^(0«:M/TttItt)m\ 
[0 2 3 7] t<D^ *«tt^y T«2 l a_hUl, 
6>4«±**Jg|4 2 2 a^ #1*1*3 0 0 nmg«(D7 

2 Pa. Bjjft (DC) x<!7 — tt. MtUlOkW, 

fc^BEHitt. Mifi300-40 0m 

[0 2 3 8 ] ^^>J:5^*Wk«)»»-d3v^-Ctt. 
fls:JK2 2 a $r^.^^/^ y ^^fttc J: o T*Bli-5 r t \z 

*lc**<i-ari:*ST?#a. SAc, 
h ^ IT, W^tf9 9. 9 9 9% (5N) «l 
9 9. 9 9 9 9% (6N) W±^*Cffi^SV 

2 2a^OMS$:9 9, 9 9 9%J^h »^L< 
9 9. 9 9 9 9%J£JLbtt:-e#5o b/c^oT. $b 

[0 2 3 9 ] »ttt^5 7*2 1 a *5 J: 2 2 

ao*t«*wRiLTtt. iiSrco^/^y^ y y^jfettg^ 
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[0 2 4 0] #;^T\ 7kMT~— /\sj&m&-tfoi-o -^t- 

<t <9 , *9M*:»t2 2 a £rffi#jtf*2 0 a 
4>o *<DEL<D3kWte* Mx.(i4 7 5°C. 2 6. 6 

6 44X 1 0 2 Pa, 5 00 cm 3 /min||T*5 o 
[0 24 1 ] *V*T, 3Z2»«Sl2 2 a *5 J: tW*«tt'< !J 
7l2 1a$:, 13 7 4 UItjH" <fc 5 ftJfSSJfe^^fti 1 

- 7 -ettw bfc(3o i mm<ocMP mm\z x o tsfs 

i»#i2 2aO«fi:»U 1 MIE^Sfe^ffil-4 
-CfftBJI L fc <fc 9 t£**X7 X-^afc J:t>7^^77 p 
7X^«yS«rifc-t" 0 

[0242] r^^r^XvMiSritr tiz& 
9, mmmi e d*(o*Ba^^, s i H^^t/s 
i N&a»*'fl$j££n5&*, »WDti 6 d<Dnmnft<D 

«B6JtttlB*rlft±S*Sri:iS^IIBi:*4. *fc, (WE 

S:lPl±**5rtt>^riBi:*5. *fc. ii(tS2 2a 
05*ffiffl»lc*3i^-CH:/aft« (CuN) 

[0 2 4 3] Sfc, *SH^9X^»B«:lfc-*-Ct^J; 
ffifll 6 d0^ffiSR#-C\ S i Hlft-&^*JEft*n 

r v^e ^t~?=7 x^*Q.g<7>4§^ <h f cam 
^^^X-^teaicisi^Ht, ^»©*ty^»fi)i 

*t=— **^7X^»afc-5vM4iaijfeas<o»'&^ 

DB*A*rft±*ii:4r.i:^*srjlB-efcofc 0 fiiB 

^offitrtJi, 7X*r^— /utfcij:iiy7X^^i(?)i 

[0 2 4 4] ^cofJL B7 6l^i"J: 51-. ^tyT'R 
£ Q I^i3l:U HI 7 1 (a) ^^bfciaj»«5g*» 

■So 

[0 2 4 5 ] -raT/u^i^^ifetwi^SBEIftfll 
5o #*3, HI 7 7—1218 5 CO^&^CQ (a) te, ^>»f£* 



•Eiaasiioujtxa+ojiSB^aBBitrSL. (b) « 

#!H (a) WA-AHft^WrffiHSr^bT^S. El 
8 1-HI8 4^ (a) tt^PaBBB-Cfcad^ 

[0 2 4 6] *i\ 12 7 7 Kl^f i 9 tftWR 1 6 h 
±ld, R»l*ifcB(4 0*iMJU ^lC7^fu^ 

9* ii^ro^^- h y y^77^il:J:ot 

5RltBSitlR4 OS: Kv-f ^y^^ifcU: iotx^f 

h^/^tt, Tfl<0f6IURl 6h, i6g. I6d. 
16c^ K7>fiyf>^ffil:±otiyfy^4t 
5 £ «fc 9. *a—*-/u3 5 r<Di£pg 
Tii, yU3 5 <^JEffi^?>tt*ftSlK 1 9 a t>m 

[0 2 4 7] Rt^, b'<? — >4 1 *3i 

tfRltB&ibJBl4 0i:7y'>y^tt»l:±otH7 91^ 

EfrltJ»4 2^^/^-/U3 5rt^a*a*ns-j:5»- 

tfisusi 6 h±^®{cM*i-5o w^-c, 08 uc^-r 

<t9t^, S5tWlhJ»4 2_htr, 7^-hl/y^h/^-y 
4 3 7tFuyxF/^-y4 3li 

h y y^77^s«fi: ( tot»«s*i 

Sr^^/^^i/^ h^^^t Lt> tftttiBEl 6 h, 1 6 g£r 
K7>fxyfy»J:otx7fy^4t5-^|: 
«t 5 . ia»»2 0 a ^Mt5 0 :w8»-Ctt, 

20a ^iss^&aifittsii 9 c^gasjntt^o 

[0 2 4 8] 8:1^ 7^hl/y^ hs<#— >4 3*3 J: 
VRWB&1LW4 2try^y^S*l:J:otBI8 3 tc^ 

3 5<OjSg|Si^Bm$n^*&»fflSl 9a, 19c 

i^ngi/^ttt^s/fy^tSo ^tb{cj:«9, EI8 4 
Id^-TJ: 9tZ, K^t2 0 a ioctt/^^— ^-/U3 5<7) 
KBd>&ftftJRl 6 d *sj:i>*»i ^Id^M i co~g^M 
tB$-^5o -tl(2, ^iSId^M 1 ^±ifii^)iA^ia^ 

a, 19 c) fcpTteftRflWfci-r Id^^acDffi 
KSrHSfcfe-efcfcio ^-^J;9tcLT, Eii2 0a 
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[0 2 4 9J 1218 5 

(Ta) ^b4^H4^!iTg2 1a^ fltJfS^ 

EH. g£^ft2 0 a Kit/*/!'— 5 0fD^^ 

ia*«*sn5. &*s> ^-ct. jjtrs: 

[0 2 5 0] ^V>T, 1 a 

^yhtU, feli9 9, 9 9 9% ( 5 N) EU:, 
£f*L<i3\ 9 9. 9 9 9 9% (6N) JW±Ojffif£(OS5 
v^lHMBtffiv^ £hfc:J:tK W;ttffifcRi*<o±* 
M2 2at^MS:9 9. 9 9 9%^ & 4 L 
<tt, 9 9. 9 9 9 9%KlHTS5c bfc^oT. R 

[0 2 5 1IKK, Sbl:, i»^y*tt*i:J:ot 
«^&«S£*{W2 2 a fe»riM-6^i:T?±WiMt2 
2 a OKti-BWtrWS. R&flWM y*8slc J: 9 *yu- 
A-3 5rtlca«>iitr«?<o*#tt, WI;tiiRSIEtt*a* 

0. 5—1. OA/dm 2 , 4 0g?iitfc5o 

»&e*»2 o a rtic:a*iitfWp^ftfl=tt, w*.tf«a 

0~2. OA/ dm 2 , Mosas-e* 

So 

[0 2 5 21 #CV>T\ ±E^^^y-eWffi<^»^t 

iitt^!;r«2 i a sr, as 6ir^-r.t atfiat 

Httto CMP fis^fc: ± o Tig L£#fcSB# 4:8**1-* 
r t nj: 9 a»a*E« 2 3 a Lfc«, wrntwi 

8 7<Dm&tf<0^y3 L >?X*7jk'tX 9^ t&ltRl 6h 
*3±t5a»ii*Ej|»2 3 a ^ffil:»tt, tfJfEHJEo 
l-4T!ii|lf:7y^7/7 X-e*a?S is X Uvk 

fc. 

[0 2 5 3] 0 8 8 fc^l" J: 9 &&R 1 9 

b^mmmcommimtmm^mm^r. 071 

(b) ^*LfciBj»»iSS:»fco 

[0254] r©i5 4*3BI<o»|im ±K*3£tfc 

[0255] mmmm 9 ) *n»*>7£ffi<^w*« 

SlHlKK«^Ej|ft«5eo*{*:«4:EI8 9«r^i- 0 (2 8 9 



ffiH-e*>9, (a) ( j: ^> y v y y Sir j: o TM 
SnrtLffijJf, (b) lif^Ty^Vyyffil^oTM 

I o 2 5 6 ] *ni£(D^fti^ioi *ti±, y rigl 

/u— sp^t*. jHo*^afta**tTi^a. u 

f:^oT, S»i£*E*il2 3 a ^«KSB*3 J;tW£8BH\ 
mant&KittRR 1 6b-l6 diMfafbfcttRfcS 
*i5 0 Sfc, ffl^i^^IE^ 2 3 a <DfflW^<D^O»S 

5 0 Sfc, Ei»<E>ffi (B*l2 0a(OB) *5«fctfl»SE 

[0 2 5 7] z.<d£ 3 te&mn<D%m^te\<^xi>, we 

bntlSbf, Eiff 2 0 a ^^yU-^-yU 3 5 rtiCfi 
Ra>fcftS±9MWBt2 2 a ^*^a»a**LTV^5<D 

S 0 aJBid«M^*ffitt^y TR (Ta-^T i N 

i23a <t!glJfI2;§SMl 4:^ie»»tt*4xS«itS:0S 

fi«S*5liOTigi4oti^. LfctfoT, Ei& 
ft 2 0 a ^/l— A3 5^»«B-ft;Snfc4: IXt)^ 

So 

[0258] roo £ 5 *RER«3g^>«**«6tt. WIE 

mM<DmmsxvLmi,tz<otmcxh^o ^<om^^ 

H7 2*fcttH8 4<OERBiP« (E»»2 2a^ 

~*-a-3 5) (om^oM^ ±m^m<omm^Mm 

[0 2 5 9] ftjfELfcJ: 51-, 7^^7/7X^1 
Sr*Lfc»&^tt, t&RRl 6 b, 16 c, I6d, l 
6g, 16 h<Dm^ (EI8«2 2 a *?*A — A- 3 5 
rtt>«tr) S i H*S-&*3j;tf S i Nfe'&^fiJtsn 
5 (MilifSfi o nm5feiBco»v^b-> y 3>R3&S» 
JifcSixS) o ^fc. 7K*X7X-^«LSS:J£bfc»-&ir 
Ji. Ifeill 6b, 16c, 16d, 16g, 16hC0 
mm (Eil2 2 a^^-*^^3 5rttt&) 

7TRHLfc ct 9^, *6i»Rl 6d, 16 hO±ffijo<t 
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XJSlffitffi. 2 0a Jo i.XJ*/l<— *-yU3 5 F*3<£>ij&ji:J^ 1 6 
d, 16 c, 16h, 1 6 g co*Bg|5#<£>]R^ 

i/^H5rMi-r tCiO, 8 1 JBE»M l «5±85«j:»j*; 
$ftfc^fcJR (r<oi§-£-l4WNIgl) *|ft*L-Cfc&v\, 

i<£> <fc 5 ft^lfcSrSffl V1t&£. 23a© 
ftiJggBJ3«fcU*jSgCte. E*&i*2 0 afei^/i'-*-^ 

[0 2 6 0] rroi 5 **HJS<o^T*<i, 

ft*. i"*fc*>, ittt^J7K*R 

ti & ft ± $ * 5 r t # pjtg 1 4 5 o 
[0 2 6 1 J *^BJ#t- J; or 4 SnfcSPJ&rJI 

* v ^«5H -efi* 5E3E TOT? *> 5 r 1 1± ^ 5 4 "C t> * v \ 

[0262] mmmi&(oBi&X'\* y *w7m%'&9&m 

[0 2 6 3] ZX±<D®.mx°\i±bVX*?&W%-^£'DX 

S-LS mffilwigfflLfc»-g-»rov>TR0JLfc;4S, ^ 
HJrPfi^$tvSt<OT*»i4< , WxliDRAM (Dynami 
c Random Access Memory) .. SRAM (Static Random 
Access Memory) , 7 y v is =l t -t ]) (EEPROM;E 
lectric Erasable Programmable Read Only Memory) ^ 
7c:f4FRAM (Ferroelectric Random Access Memory) 

mtemmzw>itx\,^mwiW<D¥&ft&m®&mmizt> 



[0 2 6 4] 

WTWifi^ XhZ>„ 

<l).#*9§fc:J:*Ltf, ¥3*#&«-h<Z>J|S 1 ©lft«ftfc?e 
WS&i-i 9 Mltttfeot, *<of(S 1 w*fe^m*3 

JS1-XS Jo <t t/iflfE K *t 1X7^-7^ 

(2) . *5£W\z J;tU4\ #*{M£*±<0# 1 olftlHKlc^ 
iU ? IE^±^^2(7?^#)K^i6®-t-5fitIi-, ifrfs^Utt 

Mrt-iajs <fc S(ria*i»fltSS»-» Lt7^=7^ 

ffilnoii*£:i»it-f-5 r. t *5«itg 1 4S 0 
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